UK Patent Application , 19 ,GB>2401 636 «, A 



(43) Date of A Publication 17.1 1.2004 



(211 


Application No: 0418432.1 


(51) INTCL 7 : 






E21B 43/10 19/16 23/00 


(22) 


Date oi rinng. ^/.w^wi 


(52) UK CL (Edition Wl: 








Date Lodged: 18,08.2004 


E1FFLA 


(30) 


Priority Data: 


(56) Documents Cited: 




(31) 60237334 (32) 02.10.2000 (33) US 


None 


(62) 


Divided from Application No 


(56) Field of Search: 




0306046.4 under Section 15(4) of the Patents Act 1977 


UK CL (Edition W)B3J, E1F 






INTCL 7 B21D,E21B 






Other 


(71) 


Applicant(s): 






Shell Oil Company 






(Incorporated in USA - Texas) 






910 Louisiana Street Houston, 






Texas 77252-2463, 






United States of America 






(continued on next page) 




(54) 


Abstract Title: Plastically deforming and radially expanding a tubular member 



157) An expansion cone 1085 is actuated in a downward direction by a direct application of axial force using a 
support member 1100 and/or through the application of fluid force. The axial displacement of the 
expansion cone 1085 plastically deforms and radially expands the upper portion of an expandable tubular 
member 1080 so as to couple the upper portion of the tubular member 1080 to a recess 910 of a 
preexisting casing 900. During the downward actuation of the expansion cone 1085, a locking member 
1015 prevents axial displacement of the tubular member 1080. The expansion cone 1085 and support 
member 1 100 are then raised out of wellbore 10. The continued injection of the fluidic material 1 125 into 
the apparatus 1000 then causes an expansion cone launcher 1060 and the tubular member 1080 to be 
plastically deformed and radially expanded off of an expansion cone 1045. 



15 




r<J T AVAU ABLE CORV 



GB 2401636 A continuation 

(72) Inventor(s): 

Robert Lance Cook 
Edwin Arnold Zwald Jr 
Kevin KarlWaddell 
Lev Ring 

Andrd Gregory Rlippov 

(74) Agent and/or Address for Service: 
Hasettlne Lake & Co 
RedcUff Quay, 120 Redctiff Street, 
BRISTOL, BS1 6HU, United Kingdom 



15 



10- 



V. 



Fig. 1a 



1/66 




Fig. 1b 



2/66 




Fig. 1c 



3/66 




Fig.ld 



4/66 



15 




180 



Fig. 1e 



5/66 




Fig. 1f 



6/66 




ig 



7/66 




Fig. 1h 



15 




160a 
160b 



190 



Fig.H 



9/66 



Rgij 




10/66 



15 




14/66 




345 



Fig. 2c 



15/66 



T 




Fig. 2d 



16/66 




17/66 



15 




1 



Fig.2f kj 

18/66 ' 




Fig. 2g 



19/66 



355- 



390- 



10- 



415- 



15 



7< 



s 



/ 



s 



V. 



< 



/ 



/ 



/ 



\ 



-400 



405 



.2k 



23766 



330d 



330a 




330c 



-330c 



31c 



331b 330b 



Fig. 3a 



24/66 




Fig. 4 



25/66 



I 

1 

• I 



15 



10- 



V. 



Fig. 5a 



26/66 



! 
i 

i 




Fig. 5b 



27/66 



15 



510- 



500 



10- 



INFLATABLE 
BLADDER 



"Z 



515 



505 



Fig. 5c 



28/66 




505 



Fig. 5d 



29/66 




605 



Fig. 6b 



34/66 



15 



Fig. 6c 



610 



10- 



s 



ROLLER 
EXPANSION 
DEVICE 



Si 



600 



615 



605 



35/66 




4 J 
1 



Fig. 6d 



36/66 



15 




620 



10 *J 



Fig. 6e 



37/66 



15 



10- 



Fig. 7a 



39/66 




Fig. 7b 



40/66 




Fig. 7c 



41/66 




i 

J 

Fig. 7d . , 



42/66 




Fig.7e 



43/66 




Fig.7f 



44/66 




45/66 




Fig.7h 

46/66 




47/66 




49/66 



15 




1065 1070 

Fig. 8c 

50/66 



15 




52/66 




53/66 



15 




Fig.8g 



54/66 




1065 1070 

Fig.8h 

55/66 



i 



\ 



1200 



7' 



-1205 



\ 



\ 



^>-1215 



\ 



\ 



-1210 



\ 



Fig. 9a 



58/66 



1200 



\ 



\ 



\ 



\ 



\ 



\ 



\ 



1220 



7 



/ 



\ 



\ 



/ 



/ 



/ 



/ 



/ 



-1205 



y*-1215 



-1210 



Fig.9b 



59/66 



1200 




1210 



Fig. 9d 



61/66 




Fig. 9o 

62/66 



1300 ► 



/ 






' s 


\ 


/ 


/ 






S 


\ 


/ 


/ 




s 




\ 


/ 


/ 




S 




s 


/ 


/ 




S 


s 


V 


/ 


/ 






\ 


V 


/ 


/ 






\ 





/ 



\ 



\ 



-1305 



-1310 



Fig. 10 



63/fifi 



1415 




20 



\ 



1405 



\ 



1400 



Fig. 11a 



OD« 



l/l 



1410 



64/66 



1415 



1410 



1405- 



\ 



1400- 



Flg. 11b 



\ 



/ 



/ 



\ 



\ 



\ 



\ 



\ 



-1420 



RR/RR 



i 



7 




20 



1415 



7 



1405 



1400 



Fig. 11c 



/ 



\A 



OD 4 



\\ 



1410 



\ 



\ 



\ 



N 



66/66 



1420 



. i 



2401 636 



MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application claims the benefit of the filing date of U.S. provisional patent 
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Background of the Invention 
This invention relates generally to wellbore casings, and in particular to wellbore 
casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in 

5 the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the formation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 

1 0 smaller diameter than the casing of the upper interval. Thus, the casings are in a 

nested arrangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 

1 5 a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and 

20 removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores. 

Summary of the Invention 
According to one aspect of the invention, an apparatus for plastically deforming 
25 and radially expanding a tubular member is provided that includes means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically deforming and radially expanding a second portion 
of the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for plastically 
30 deforming and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the 
tubular support member having a second fluid passage fluidicly coupled to the first fluid 
passage and an outer conical surface, a removable annular conical sleeve coupled to 
the outer conical surface of the expansion cone, an annular expansion cone launcher 
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coupled to the conical sleeve and a lower portion of the tubular member, and a shoe 
having a valveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member Is provided that includes plastically 
5 deforming and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically 
1 0 deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 
15 member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 
20 first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to 
a first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member in overlapping relation to 
25 the first portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and 
means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 
30 According to another aspect of the present invention, an apparatus for forming 

a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore, means for plastically deforming and radially 
expanding a first portion of the tubular member to a first outside diameter, and means 
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for plastically deforming and radially expanding a second portion of the tubular member 
to a second outside diameter. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that includes a tubular support member 
5 including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage fluidicly coupled to the first fluid passage and 
an outer conical surface, a removable annular conical sleeve coupled to the outer 
conical surface of the expansion cone, an annular expansion cone launcher coupled to 
the conical sleeve and a lower portion of the tubular member, and a shoe having a 
10 valveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 
wellbpre casing within a wellbore is provided that includes supporting a tubular member 
within a wellbore, plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically deforming and radially expanding 
1 5 another portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of forming a . 
mono-diameter wellbore casing within a wellbore is provided that includes supporting a 
first tubular member within the wellbore, plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically deforming 
20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to 
30 a first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member in overlapping relation to 
the first portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and 
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means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 
According to another aspect of the present invention, an apparatus for 

5 plastically deforming and radially expanding a tubular member is provided that includes 
means for providing a lipped portion in a portion of the tubular member, and means for 
plastically deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that includes 

10a tubular support member including a first fluid passage, an expansion cone.coupled to 
the tubular support member having a second fluid passage fluidicly coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
including: a first annular portion coupled to a lower portion of the tubular member, a 
second annular portion coupled to the first annular portion that mates with the outer 

1 5 conical surface of the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled to 
the third annular portion having a second outside diameter, wherein the second outside 
diameter is less than the first outside diameter, and a shoe having a valyeable passage 
coupled to fourth annular portion of the expansion cone launcher. 

20 According to another aspect of the present invention, a method of plastically 

deforming and radially expanding a tubular member is provided that includes providing 
a lipped portion in a portion' of the tubular member, and plastically deforming and 
radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a 

25 first tubular member to a second tubular member is provided that includes providing a 
lipped portion in a portion of the first tubular member, plastically deforming and radially 
expanding another portion of the first tubular member, positioning the second tubular 
member inside the first tubular member in overlapping relation to the lipped portion of 
the first tubular member, and plastically deforming and radially expanding the second 

30 tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically deforming 
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and radially expanding another portion of the first tubular member, means for 
positioning the second tubular member inside the first tubular member In overlapping 
relation to the lipped portion of the first tubular member, and means for plastically 
deforming and radially expanding the second tubular member. The inside diameters of 
5 the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore Is provided that includes means for supporting a 
tubular member within the wellbore, means for providing a lipped portion in the tubular 
10 member, and means for plastically deforming and radially expanding another portion of 
the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support 
1 5 member having a second fluid passage fluidicly coupled to the first fluid passage and 
an outer conical surface, an annular expansion cone launcher including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having a 
20 first outside diameter, and a fourth annular portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than 
the first outside diameter, and a shoe having a valveable passage coupled to fourth 
annular portion of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 
25 wellbore casing In a wellbore is provided that includes supporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular member 
According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing within a wellbore is provided that includes supporting a 
30 first tubular member within the wellbore, providing a lipped portion in a portion of the 
first tubular member, plastically deforming and radially expanding another portion of the 
first tubular member, positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
plastically deforming and radially expanding the second tubular member. The inside 
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diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for forming 
a mono-diameter wellbore casing within a wellbore is provided that includes means for 

5 providing a lipped portion in the first tubular member, means for plastically deforming 
and radially expanding another portion of the first tubular member, means for 
positioning the second tubular member inside the first tubular member in overlapping 
relation to the lipped portion of the first tubular member, and means for plastically 
deforming and radially expanding the second tubular member. The inside diameters of 

1 0 the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member Is provided that includes 
means for. plastically deforming and radially expanding a first end of the tubular 

1 5 member, and means for plastically deforming and radially expanding a second end of 
the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member Is provided that includes 
a tubular support member including a first passage, an expansion cone coupled to the 

20 tubular support having a second passage fluididy coupled to the first passage and an 
outer conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of the expansion cone, an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveable fluid passage, and another 

25 annular expansion cone movably coupled to the tubular support member. The annular 
expansion cones are positioned in opposite orientations. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes plastically 
deforming and radially expanding a first end of the tubular member, and plastically 

30 deforming and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member Is provided that includes positioning 
the second tubular member inside the first tubular member in an overlapping, 
relationship, plastically deforming and radially expanding the end of the second tubular 
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member that overlaps with the first tubular member, and plastically deforming and 
radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 

5 positioning the second tubular member inside the first tubular member in an 

overlapping relationship, means for plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

10 According to another aspect of the present invention, an apparatus for forming 

a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore, means for plastically deforming and radially 
expanding a first end of the tubular member, and means for plastically deforming and 
radially expanding a second end of the tubular member. 

15 According to another aspect of the present invention, an apparatus forfomning 

a wellbore casing within a wellbore is provided that includes a tubular support member 
including a first passage, an expansion cone coupled to the tubular support having a 
second passage fluidicly coupled to the first passage and an outer conical surface, an 
annular expansion cone launcher movably coupled to outer conical surface of the 

20 expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
cone launcher having a valveable fluid passage, and another annular expansion cone 
movably coupled to the tubular support member The annular expansion cones are 
positioned in opposite orientations. 

25 According to another aspect of the present invention, a method of forming a 

wellbore casing within a wellbore is provided that includes plastically deforming and 
radially, expanding a first end of the tubular member, and plastically deforming and 
radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of forming a 

30 wellbore casing within a wellbore is provided that includes plastically deforming and 
radially expanding a first tubular member within the wellbore, positioning a second 
tubular member inside the first tubular member in an overlapping relationship, 
plastically deforming and radially expanding the end of the second tubular member that 
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overlaps with the first tubular member, and plastically deforming and radially expanding 
the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that includes means for plastically 
deforming and radially expanding a first tubular member within the wellbore, means for 
positioning the second tubular member inside the first tubular member in an 
overlapping relationship, means for plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

According to another aspect of the present invention, an apparatus for bridging 
an axial gap between opposing pairs of wellbore casing within a wellbore is provided 
that includes means for supporting a tubular member in overlapping relation to the 
opposing ends of the wellbore casings, means for plastically deforming and radially 
expanding the tubular member, and 

means for plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided that 
includes supporting a tubular member in overlapping relation to the opposing ends of 
the wellbore casings, plastically deforming and radially expanding the tubular member, 
and plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

According to another aspect of the present invention, a method of forming a 
structure having desired strength characteristics is provided that includes providing a 
first tubular member, and plastically deforming and radially expanding additional tubular 
members onto the interior surface of the first tubular member untif the desired strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore having desired strength characteristics' is provided 
that includes plastically deforming and radially expanding a first tubular member within 
the wellbore, and plastically deforming and radially expanding additional tubular 
members onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member, the first tubular member having an 
original outside diameter OD 0 and an original wall thickness to, is provided that includes 
plastically deforming and radially expanding a first portion of the first tubular member to 
5 a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
1 0 the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and the ratio of the original outside diameter OD 0 of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

1 5 According to another aspect of the present invention, a method of forming a 

mono-diameter wellbore casing is provided that includes positioning a first tubular 
member within a wellbore, the first tubular member having an original outside diameter 
OD 0 and an original wall thickness to, plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically deforming 

20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 

25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal, and the ratio of 
the original outside diameter ODo of the first tubular member to the original wall 
thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided 

30 that includes a plastically deformed and radially expanded tubular member having a 
first portion having a first outside diameter and a remaining portion having a second 
outside diameter. The ratio of the original outside diameter OD 0 of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 
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According to another aspect of the present invention, an apparatus is provided 
that includes a plastically deformed and radially expanded first tubular member having 
a first portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plastically deformed and radially expanded second tubular 

5 member coupled to the first portion of the first tubular member. The ratio of the original 
outside diameter OD 0 of the first tubular member to the original wall thickness to of the 
first tubular member is greater than or equal to 1 6. 

According to another aspect of the present invention, a wellbore casing formed 
in a wellbore is provided that includes a plastically deformed and radially expanded first 

1 0 tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 
expanded second tubular member coupled to the first portion of the first tubular 
member. The ratio of the original outside diameter OD 0 of the first tubular member to 
the original wall thickness to of the first tubular member is greater than or equal to 1 6. 

15 According to another aspect of the present invention, an apparatus is provided 

that includes a plastically deformed and radially expanded tubular member. The ratio 
of the original outside diameter ODo' of the tubular member to the original wall thickness 
to of the tubular member is greater than or equal to 1 6. 

Brief Description of the Drawings 

20 Fig. 1 a is a cross sectional illustration of a wellbore including a preexisting 

wellbore casing. 

Fig. 1b is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 1a. 

Fig. 1c is a cross-sectional illustration of the injection of fluidic materials through 
25 the apparatus of Fig. 1 b. 

Fig. 1d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 1c. 

Fig. 1e is a cross-sectional illustration of the pressurization of the region below 
the expansion cone of the apparatus of Rg. 1d. 
30 Fig. 1f is a cross-sectional illustration of the continued pressurization of the 

region below the. expansion cone of the apparatus of Rg. 1e. 

Fig. 1g is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 1f following the removal of 
the over-expansion sleeve. 
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Fig. 1h is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 1g. 

Fig. 1i is a cross-sectional illustration of .the drilling out of a new section of the 
wellbore below the apparatus of Fig. 1 h. 
5 Fig. 1j is a cross-sectional illustration of the radial expansion of another 

expandable tubular member that overlaps with the apparatus of Fig. 1i. 

Fig. 1k is a cross-sectional illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 11. 

Fig. 11 is a cross-sectional illustration of the completion of the secondary radial 
10 expansion of the other expandable tubular member of Fig. 1k to form a mono-diameter 
wellbore casing. 

Fig. 2a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 2b is a cross-sectional illustration of the placement of an embodiment of an 
1 5 apparatus for radially expanding a tubular member into the wellbore of Fig. 2a. 

Fig. 2c is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 2c. 
20 Fig. 2e is a cross-sectional illustration of the pressurization of the region below 

the expansion cone of the apparatus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 2e. 

Fig. 2g is a cross-sectional illustration of the completion of the radial expansion 
25 of the expandable tubular member of the apparatus of Fig. 2f. 

Fig. 2h is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Fig. 2g. 

Fig. 2i is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. 2h. 
30 Fig. 2j is a cross-sectional illustration of the "secondary radial expansion of the 

other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of the secondary radial 
expansion of the other expandable tubular member of Fig. 2j to form a mono-diameter 
wellbore casing. 



12 



Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b illustrating the 
design and construction of the over-expansion insert. 

Fig. 3a is a cross-sectional illustration of an alternative! embodiment of the over- 
expansion insert of Fig. 3. 
5 Fig. 4 is a cross-sectional illustration of an alternative embodiment of the 

apparatus of Fig. 2b induding.a resilient hook for retrieving the over-expansion insert 

Fig. 5a is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sectional illustration of the formation of a new section of 
10 wellbore casing in the wellbore of Fig. 5a. 

Fig. 5c is a fragmentary cross-sectional illustration of the placement of an 
inflatable bladder into the new section of the wellbore casing of Fig. 5b. 

Fig. 5d is a fragmentary cross-sectional illustration of the inflation of the 
inflatable bladder of Fig. 5c. 
1 5 Fig. 5e is a cross-sectional illustration of the new section of wellbore casing of 

Fig. 5d after over-expansion. 

Fig. 5f is a cross-sectional illustration of the new section of wellbore casing of 
Fig. 5e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional illustration of the formation of a mono-diameter 
20 wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 

Fig. 6a is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 6b is a cross-sectional illustration of the formation of a new section of 
25 wellbore casing in the wellbore of Fig. 6a. . 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a roller 
radial expansion device into the new section of the wellbore casing of Fig. 6b. 

Fig. 6d is a cross-sectional illustration of the new section of wellbore casing of 
Fig. 6c after over-expansion. 
30 Fig. 6e is a cross-sectional illustration of the new section of wellbore casing of 

Fig. 6d after drilling out a new section of the wellbore. 

Fig. 6f is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 
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Fig. 7a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 7b is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 
5 Fig. 7c is a cross-sectional illustration of the injection of fluidic materials through 

the apparatus of Fig. 7b. 

Fig. 7d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 7c 

Fig. 7e is a cross-sectional illustration of the pressurization of the region below 
10 the expansion cone of the apparatus of Fig. 7d. 

Fig. 7f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 7f. 
1 5 Fig. 7h is a cross-sectional illustration of the drilling out of a new section of the 

wellbore below the apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional illustration of the completion of the radial expansion 
of another expandable tubular member to form a mono-diameter wellbore casing. 
Fig. 8a is cross-sectional illustration of an wellbore including a preexisting 
20 section of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. 8b. 
25 Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 

sealing material through the apparatus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d. 
Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
30 expansion of the upper portion of the expandable tubular member of the apparatus of 
Fig.8e. 

Fig. 8g is a cross-sectional illustration of the removal of the upper expansion 
cone from the wellbore of fig. 8f. 
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Fig. 8h is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
deform and radially expand the expansion cone launcher and expandable tubular 
member. 

5 Fig. 8i is a cross-sectional illustration of the completion of the initial radial 

expansion process of the apparatus of Fig. 8h. 

Fig. 8j is a cross-sectional illustration of the further radial expansion of the 
apparatus of Fig. 8i in order to form a mono-diameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper and lower 
1 0 preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b is a cross-sectional illustration of the coupling of a tubular member to 
the opposing ends of the wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placement of a radial 
expansion device into the tubular member of Fig. 9b. 
1 5 Fig. 9d is a fragmentary cross-sectional illustration of the actuation of the radial 

expansion device of Fig. 9c. 

Fig. 9e is a cross-sectional of a mono-diameter wellbore casing generated by 
the actuation of the radial expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of a mono-diameter wellbore casing that 
20 includes a plurality of layers of radially expanded tubular members along at least a 
portion of the its length. 

Fig. 11a Is a cross-sectional illustration of a wellbore including a casing formed 
by plastically deforming and radially expanding a first tubular member. 

Fig. 1 1 b is a cross-sectional illustration of a wellbore including another casing 
25 coupled to the preexisting' casing by plastically deforming and radially expanding a 
second tubular member. 

Fig, 11c is a cross-sectional illustration of a morio-diameter wellbore casing 
formed by radially expanding the second tubular member a second time. 

Detailed Description 

30 Several embodiments of methods and apparatus for forming a mono-diameter 

wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, pipelines, 
or structural supports. Furthermore, while the present illustrative embodiments are 
described with reference to the formation of mono-diameter wellbore casings, the 
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teachings of the present disclosure have general application to the formation or repair 
of welibore casings, pipelines, arid structural supports. 

Referring initially to Fig. 1a, a welibore 10 includes a preexisting welibore 
casing 15. The welibore 10 may be oriented in any orientation from the vertical to the 

5 horizontal. The preexisting welibore casing 15 may be coupled to the upper portion of 
the welibore 10 using any number of conventional methods. In a preferred 
embodiment the welibore casing 15 is coupled to the upper portion of the welibore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent application serial no. 09/454,139, attorney docket no. 

10 25791 .03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, 
attorney docket ho. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attorney docket no. 25791 .8.02, filed on 2/1 0/2000, (4) U.S. patent 
application serial no. 09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed 

15 on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 
no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, 

20 (10) PCT patent application serial no. PCT/US0Q/1 8635, attorney docket no. 

25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162,671, attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791 .29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 

25 docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 25791 .37, filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. ■ . 

attorney docket no. 25791 .38, filed on 6/19/2000, (17) U.S. provisional patent 

30 application serial no. 60/1 65,228, attorney docket no. 25791 .39, filed on 1 1 /1 2/1 999, 

(18) U.S. provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial ho. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791 .47, 
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filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/or may include one or more concentrically positioned 
tubular members. 

5 Referring to Fig. 1b, an apparatus 100 for radially expanding a tubular member 

may then be positioned within the wellbore 10. The apparatus 100 includes a tubular 
support member 105 defining a passage 1 10 for conveying fluidic materials. An 
expansion cone 1 15 defining a passage 120 and having an outer conical surface 125 
for radially expanding tubular members is coupled to an end of the tubular support 

1 0 member 1 05. An annular conical over-expansion sleeve 1 30 mates with and is 
removably coupled to the outer conical surface 125 of the expansion cone 115. In 
several alternative embodiments, the over-expansion sleeve 130 Is fabricated from 
frangible materials such as, for example, ceramic materials, in order to facilitate the 
removal of the over-expansion sleeve during operation of the apparatus 100. In this 

15 manner, the amount of radial expansion provided by the apparatus may be decreased 
following the removal of the over-expansion sleeve 130. 

An expansion cone launcher 135 is movably coupled to and supported by the 
expansion cone 115 and the over-expansion sleeve 1 30. The expansion cone 
launcher 135 include an upper portion having an upper outer diameter, an intermediate 

20 portion that mates with the expansion cone 1 1 5 and the over-expansion sleeve 1 30, an 
a lower portion having a lower outer diameter. The lower outer diameter is greater than 
the upper outer diameter. A shoe 140 defining a valveable passage 145 is coupled to 
the lower portion of the expansion cone launcher 135. In a preferred embodiment, the 
valveable passage 145 may be controliably closed in order to fluididy isolate a region 

25 1 50 below the expansion cone 1 1 5 and bounded by the lower portion of the expansion 
cone launcher 135 and the shoe 140 from the region outside of the apparatus 100. 

An expandable tubular member 155 is coupled to the upper portion of the 
expansion cone launcher 135. One or more sealing members 160a and 160b are 
coupled to the exterior of the upper portion of the expandable tubular member 155. In 

30 several alternative embodiments, the sealing members 160a and 160b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 160a and 160b. 
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In a preferred embodiment, the support member 105, the expansion cone 115, 
the expansion cone launcher 135, the shoe 140, and the expandable tubular member 
1 55 are provided substantially as disclosed in one or more of the following: (1 ) U.S. 
patent application serial no. 09/454, 1 39, attorney docket ho. 25791 .03.02, filed on 

5 1 2/3/1 999, (2) U.S. patent application serial no. 09/51 0.91 3. attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 2579111.02, filed on 3/10/2000, 

10 (6) U.S. patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed 
on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attorney docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, 
attorney docket no. 25791 .1 7.02, filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,122, attorney docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT patent 

1 5 application serial no. PCT/US00/1 8635, attorney docket no. 25791 .25.02, filed on 

7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671 , attorney docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 

20 10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791 .36, filed on 1 0/1 2/1 999, (1 5) U.S. provisional patent application serial 
no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999. (16) U.S. 

provisional patent application serial no. , attorney docket no. 

25791 .38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 

25 60/165,228, attorney docket no. 25791 .39, filed on 1 1/12/1999, (1 8) U.S. provisional 

patent application serial no. , attorney docket no. 25791.45, filed on 

7/28/2000, (19) U.S. provisional patent application serial no. , attorney 

docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. provisional patent application 
serial no. , , attorney docket no. 25791.47, filed on 9/18/2000, the 

30 disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 1b, in a preferred embodiment, during placement of the 
apparatus 100 within the wellbore 10, fluidic materials 165 within the welibore 10 are 
conveyed through the apparatus 100 through the passages 1 10, 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement 
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of the apparatus 1 00 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 100 is initially positioned within the wellbore 10 such that the top portion 
of the tubular member 155 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 155 may be radially expanded into 

5 contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 155 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 

10 As illustrated in Fig. 1c, a fluidic material 170 may then be injected through the 

apparatus 1 00 through the passages 1 1 0, 1 20, and 1 45 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 1d, a hardenable fluidic sealing material 175 may then be 
injected through the apparatus 100 through the passages 110, 120 and 145 into the 

15 annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 135 and expandable tubular member 155. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
several alternative embodiments, the injection of the hardenable fluidic sealing material 

20 175 may be omitted. In several alternative .embodiments, the hardenable fluidic sealing 
material 175 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 1e, a non-hardenable fluidic material 180 may then be 
injected into the apparatus through the passages 110 and 120. A ball plug 185, or 
other similar device, may then be injected with the fluidic material 180 to thereby seal 

25 off the passage 145. In this manner, the region 150 may be pressurized by the 
continued injection of the fluidic material 180 into the apparatus 100. 

As illustrated in Fig. 1f, the continued injection of the fluidic material 180 into the 
apparatus 100 causes the expansion cone launcher 135 and expandable tubular 
member 1 55 to be plastically deformed and radially expanded off of the over-expansion 

30 sleeve 130. In this manner, the expansion cone 115 and over-expansion sleeve 130 
are displaced relative to the expansion cone launcher 1 35 and expandable tubular 
member 1 55 in the axial direction. 

After a predetermined time period and/or after a predetermined axial 
displacement of the expansion cone 1 1 5 relative to the expansion cone launcher 1 35 
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and expandable tubular member 155, the over-expansion sleeve 130 may be removed 
from the outer conical surface 1 25 of the expansion cone 1 1 5 by the application of a 
predetermined upward shock load to the support member 105. In a preferred 
embodiment, the shock load causes the frangible over-expansion sleeve 130 to 
5 fracture into small pieces that are then forced off of the outer conical surface 125 of 
the expansion cone 115 by the continued pressurization of the region 150. In a 
preferred embodiment the pieces of the over-expansion sleeve 130 are pulverized into 
grains of material by the continued pressurization of the region 1 50. " 

Referring to Fig. 1g t following the removal of the frangible over-expansion 

1 0 sleeve 1 30, the continued pressurization of the region 150 causes the expandable 

tubular member 155 to be plastically deformed and radially expanded and extruded off 
of the outer conical surface 125 of the expansion cone 115. Note that the amount of 
radial expansion provided by the outer conical surface 125 of expansion cone 1 15 is 
less than the amount of radial expansion provided by the combination of the over- 

15 expansion sleeve 130 and the expansion cone 115. In this manner, as illustrated in 
Fig. 1h, a recess 185 is formed in the radially expanded tubular member 155. 

After completing the plastic deformation and radial expansion of the tubular 
member 155, the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 1 90 that provides a barrier to fluid flow into or out of the wellbore 1 0. 

20 Referring to Fig. 1 i f the shoe 140 may then removed by drilling out the shoe 

using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
155. 

25 Referring to Fig. i j, a tubular member 200 may then be plastically deformed 

and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a preferred embodiment, the upper portion of the radially 
expanded tubular member 200 overlaps with and mates with the recessed portion 185 
of the tubular member 155. In a preferred embodiment, one or more sealing members 

30 205 are coupled to the exterior surface of the upper portion of the tubular member 200. 
In a preferred embodiment, the sealing members 205 seal the interface between the 
upper portion of the tubular member 200 and the recessed portion 185 of the tubular 
member'1 55. In several alternative embodiments, the sealing members 205 may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
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several alternative embodiments, one or more anchoring elements may substituted for, 
or used in addition to, the sealing members 205. In a preferred embodiment, an 
annular body 210 of a hardenable fluidic sealing material is also formed around the 
tubular member 200 using one or more conventional methods. 

5 In a preferred embodiment, the tubular member 200 is plastically deformed and 

radially expanded, and the annular body 210 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510.913, attorney docket no. 25791 .7.02. filed on 2/23/2000, 

1 0 (3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791 .8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338. attorney docket no. 
25791.9.02. filed on 11/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791 .1 1.02, filed on 3/1O/200O, (6) U.S. patent application serial 
no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000. (7) U.S. patent 

15 application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no, 09/588,946, attorney docket no. 25791.17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney docket no. 
25791 .23.02, filed on 4/26/2000, (10) PCJ patent application serial no. 
PCT/US00/18635, attorney docket no. 25791 .25.02, filed on 7/9/2000, (11) U.S. 

20 provisional patent application serial no. 60/162,671 , attorney docket no. 25791 .27, filed 
on 11/1/1999, (12) U;S. provisional patent application serial no. 60/154,047, attorney 
docket no. 25791 .29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, filed 

25 on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 

no. , attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39. filed 
on 11/12/1999, (18) U.S. provisional patent application serial no. , 

30 attorney docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent 

application serial no. ^ attorney docket no. 25791.46. filed on 7/28/2000, 

and (20) U.S. provisional patent application serial no. : , attorney docket 

no. 25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 
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In an alternative embodiment, the annular body 210 may be omitted. In several 
alternative embodiments, the annular body 210 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 1k, an expansion cone 215 may then be driven in a downward 
5 direction by fluid pressure and/or by a support member 220 to plastically deform and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In this manner, as illustrated in Fig. 11, 
a mono-diameter wellbore casing may be formed. 

Referring to Figs. 2a and 2b, in an alternative embodiment, an apparatus 300 
10 for radially expanding a tubular member may then be positioned within the wellbore 10. 
The apparatus 300 includes a tubular support member 305 defining a passage 310 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion 
1 5 insert 330 mates with and is removably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an intermediate portion 
20 that mates with the expansion cone 315 and the over-expansion insert 330, an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 340 defining a valveable passage 345 is coupled to the 
lower portion of the expansion cone launcher 335. In a preferred embodiment, the 
valveable passage 345 may be controllably dosed in order to ftuididy isolate a region 
25 350 below the expansion cone 31 5 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated In Fig. 3, the over-expansion insert 
330 includes a plurality of spaced-apart arcuate inserts 330a, 330b, 330c and 330d that 
are positioned between the outer conical surface 325 of the expansion cone 315 and 
30 the inner surface of the Intermediate portion of the expansion cone launcher 335. In 
this manner, the relative axial displacement of the expansion cone 315 and the 
expansion cone launcher 335 will cause the expansion cone to over-expand the 
intermediate portion of the expansion cone launcher. In this manner, a recess may be 
formed in the radially expanded expansion cone launcher 335. In several alternative 
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embodiments, the inserts 330a, 330b, 330c, and 330d fall out of the recess and/or are 
removed from the recess using a conventional retrieval tool upon the completion of the 
radial expansion process. 

In an alternative embodiment, as illustrated in Fig. 3a, the over expansion insert 

5 330 further includes intermediate resilient members 331a, 331b, 331c, and 331d for 
resiliency coupling the inserts 330a, 330b, 330c, and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion insert to collapse in the radial direction and 
thereby fall out of the recess. 

10 An expandable tubular member 355 is coupled to the upper portion of the 

expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several alternative embodiments, the sealing members 360a and 360b may include 
. elastomeric elements and/or metallic elements and/or composite elements. In several 

15 alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 360a and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 315, 
the expansion cone launcher 335, the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1 ) U.S. 

20 patent application serial no. 09/454,1 39, attorney docket no. 25791 .03.02, filed on 
12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791 .8.02, filed on 2/1 0/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 

25 application serial no. 09/523,460, attorney docket no. 25791.11.02. filed on 3/10/2000, 
(6) U.S. patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed 
on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attorney docket no. 
25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial no. 09/588,946, 
attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial 

30 no. 09/559,122, attorney docket no. 25791 .23.02. filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/US00/1 8635, attorney docket no. 25791.25.02, filed on 
7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, attorney docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047. attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
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patent application serial no. 60/1 59,082, attorney docket no. 25791 .34, filed on 
10/12/1999. (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36. filed on 10/12/1999, (15) U.S. provisional patent application serial 
no. 60/159.033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

5 provisional patent application serial no. " attorney docket no. 

25791 .38, filed on 6/1 9/2000, (1 7) U.S. provisional patent application serial no. 
60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. provisional 

patent application serial no. . , attorney docket no. 25791 .45, filed on 

7/28/2000, (19) U.S. provisional patent application serial no. . , attorney 

1 0 docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. provisional patent application 

serial no. , , attorney docket no. 25791.47, filed on 9/18/2000, the 

disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 
apparatus 300 within the wellbore 10, fluidic materials 365 within the wellbore 10 are 

15 conveyed through the apparatus 300 through the passages 310, 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 1 0 are reduced. In a preferred embodiment, 
the apparatus 300 is initially positioned within the wellbore 10 such that the top portion 
of the tubular member 355 overlaps with the preexisting casing 15. In this manner, the 

20 upper portion of the expandable tubular member 355 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 355 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 

25 expandable tubular member. 

As illustrated in Fig. 2c, a fluidic material 370 may then be injected through the 
apparatus 300 through the passages 310, 320, and 345 in order-to test the proper 
operation of these passages. 

As illustrated in Fig. 2d, a hardenable fluidic sealing material 375 may then be 

30 injected through the apparatus 300 through the passages 310, 320 and 345 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 335 and expandable tubular member 355. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
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several alternative embodiments, the injection of the hardenable fluidic sealing material 
375 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 375 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 2e, a non-hardenable fluidic material 380 may then be 
5 injected into the apparatus through the passages 310 and 320. A ball plug 385, or 
other similar device, may then be injected with the fluidic material 380 to thereby seal 
off the passage 345. In this manner, the region 350 may be pressurized by the 
continued injection of the fluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f, the continued injection of the fluidic material 380 into the 
1 0 apparatus 300 causes the expansion cone launcher 335 to be plastically deformed and 
radially expanded off of the over-expansion insert 330. In this manner, the expansion 
cone 315 is displaced relative to the expansion cone launcher 335 and expandable 
tubular member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 
1 5 insert 330, the radial expansion of the expansion cone launcher 335 and expandable 
tubular member 355 is provided solely by the outer conical surface 325 of the 
expansion cone 315. Note that the amount of radial expansion provided by the outer 
conical surface 325 of expansion cone 315 is less than the amount of radial expansion 
provided by the combination of the over-expansion insert 330 and the expansion cone 
20 315. In this manner, as illustrated in Rg. 2g, a recess 390 is formed in the radially 
expanded tubular member 355. 

In several alternative embodiments, the over-expansion insert 330 is removed 
from the recess 390 by falling out and/or removal using a conventional retrieval tool. In 
an alternative embodiment, the resilient force provided by the resilient members 331a, 
25 331b, 331c, and 331d cause the insert 330 to collapse in the radial direction and 

thereby fall out of the recess 390. In an alternative embodiment, as illustrated in Fig. 4, 
one or more resilient hooks 395a and 395b are coupled to the bottom of the expansion * 
cone 31 5 for retrieving the over-expansion insert 330 during or after the completion of 
the radial expansion process. 
30 After completing the plastic deformation and radial expansion of the tubular 

member 355, the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 400 that provides a barrier to fluid flow into or out of the wellbore 1 0. 
Referring to Fig. 2h, the shoe 340 may then removed by drilling out the shoe 
. using a conventional drilling device. A new section of the wellbore 10 may also be 



drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
355. 

Referring to Fig. 3, a tubular member 405 may then be plastically deformed 
5 and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a preferred embodiment, the upper portion of the radially 
expanded tubular member 405 overlaps with and mates with the recessed portion 390 
of the tubular member 355. In a preferred embodiment, one or more sealing members 
410 are coupled to the exterior surface of the upper portion of the tubular member 405. 

10 In a preferred embodiment, the sealing members 410 seal the interface between the 
upper portion of the tubular member 405 and the recessed portion 390 of the tubular 
member 355. In several alternative embodiments, the sealing members 410 may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
. several alternative embodiments, one or more anchoring elements may substituted for, 

15 or used in addition to, the sealing members 410. In a preferred embodiment, an 
annular body 415 of a hardenable fluidic sealing material is also formed around the 
tubular member 405 using one or more conventional methods. 

In a preferred embodiment the tubular member 405 is plastically deformed and 
radially expanded, and the annular body 41 5 is formed using one or more of the 

20 apparatus and methods disclosed in the following: (1 ) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, 
(3) U.S. patent application serial no, 09/502,350, attorney docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 

25 25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523.460, 
attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512,895, attorney docket no. 25791 .12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946, attorney docket no. 25791.17.02, filed 

30 on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney docket no. 
2579123.02. filed on 4/26/2000, (10) PCT patent application serlat no. 
PCTAJS00/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 
provisional patent application serial no. 60/162,671 , attorney docket no. 25791.27, filed 
. on 1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney 
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docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 

no. \, attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165.228, attorney docket no. 25791.39, filed 

on 1 1/12/1999, (18) U.S. provisional patent application serial no. , 

attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent 

application serial no. , attorney docket no. 25791.46, filed on 7/28/2000, 

and (20) U.S. provisional patent application serial no. , attorney docket 

no. 25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 

In an alternative embodiment, the annular body 415 may be omitted. In several 
alternative embodiments, the annular body 41 5 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 2j, an expansion cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the interior diameter of the tubular 
members .355 and 405 are substantially equal. In this manner, as illustrated in Fig. 2k, 
a mono-diameter wellbore casing may be formed. 

Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 1 5 using any number of 
conventional methods. An annular body of a flutdic sealing material 510 may also be 
formed around the tubular member 500 using any number of conventional methods. In 
a preferred embodiment, the tubular member 500 is plastically deformed and radially 
expanded and the annular body 510 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent application serial 
no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791 .7.02* filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 09/523,460, 
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attorney docket no. 25791 . 1 1 .02. filed on 3/1 0/2000, (6) U.S. patent application serial 
no. 09/51 2,895, attorney docket no. 25791 . 1 2.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946. attorney docket no. 25791.17.02, filed 
5 on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney docket no. 
25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/US00/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed 
on 1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney 

10 docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/1 59,082, attorney docket no. 25791 .34, filed on 1 0/12/1 999, (14) U.S. 
provisional patent application serial no. 60/1 59,039, attorney docket no. 25791 .36, filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 

15 no. , attorney docket no. 25791 .38, filed on 6/1 9/2000, (1 7) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed 

on 11/12/1999, (18) U.S. provisional patent application serial no. • , 

attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent 
application serial no. , attorney docket no. 25791.46, filed on 7/28/2000, 

2Q and (20) U.S. provisional patent application serial no. , attorney docket 

no. 25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 

In several alternative embodiments, the annular body 510 may be omitted or 
may be compressible before, during, or after curing. 
25 Referring to Figs. 5c and 5d, a conventional inflatable bladder 51 5 may then be 

positioned within the tubular member 500 and inflated to a sufficient operating pressure 
to plastically deform and radially expand a portion of the tubular member to thereby 
form a recess 520 in the tubular member. 

Referring to Figs. 5e and 5f, the inflatable bladder 515 may then be removed 
30 and the shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular, member 525 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
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525, an annular body 530 of a fluidic sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the inflatable bladder 515 may be coupled 

5 to the bottom of an expansion cone in order to permit the over-expansion process to be 
performed during the radial expansion process implemented using the expansion cone. 

Referring to Rgs 6a-6b t in an alternative embodiment, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 

10 conventional methods. An annular body of a fluidic sealing material 610 may also be 
formed around the tubular member 600 using any number of conventional methods. In 
a preferred embodiment, the tubular member 600 is plastically deformed and radially 
expanded and the annular body 610 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent application serial 

15 no. 09/454,139, attorney docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S.. patent application serial ho. 09/440,338, attorney docket no. 
25791.9.02. filed on 11/15/1999, (5) U.S. patent application serial no. 09/523,460, 

20 attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512,895. attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946, attorney docket no. 25791.17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney docket no. 

25 25791 .23.02, filed on 4/26/2000, (1 0) PCT patent application serial no. 

PCT7US00/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162.671, attorney docket no. 25791.27. filed 
on 1 1/1/1999, (12) U.S. provisional patent application serial ho. 60/154.047, attorney 
docket no. 25791 .29. filed on 9/16/1999, (13) U.S. provisional patent application serial 

30 no. 60/159,082, attorney docket no. 25791.34. filed on 10/12/1999, (14) U.S. 

provisional patent application serial no. 60/159.039, attorney docket no. 25791.36, filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no. 25791 .37, filed on 10/12/1999, (16) U.S. provisional patent application serial 
no. • attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. 
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provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed 

on 1 1/12/1999, (18) U.S. provisional patent application serial no. ] 

attorney docket no. 25791 ,45,.filed on 7/28/2000, (19) U.S. provisional patent 
application serial no. • attorney docket no. 25791.46, filed on 7/28/2000, 

5 and (20) U.S. provisional patent application serial no. , attorney docket 

no. 25791 .47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 

In several alternative embodiments, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

10 Referring to Figs. 6c and 6d, a conventional roller expansion device 61 5 may 

then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically deform and radially expand a portion of the tubular member to thereby form 
a recess 620 in the tubular member. As will be recognized by persons having ordinary 

1 5 skill in the art, a roller expansion device typically utilizes one or more rollers that, 

through rotation of the device, apply a radial force to the interior surfaces of a tubular 
member. In several alternative embodiments, the roPer expansion device 615 may 
include eccentric rollers such as, for example, as disclosed in U.S. Pat Nos. 5,014,779 
and 5,083,608, the disclosures of which are incorporated herein by reference. 

20 Referring to Ftgs. 6d and 6e f the roller expansion device 61 5 may then be 

removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Fig. 6f, an additional tubular member 625 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 

25 wellbore casing. Before, during or after the radial expansion of the tubular member 
625, an annular body 630 of a fluidic sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the roller expansion device 61 5 may be 

30 coupled to the bottom of an expansion cone in order to permit the over-expansion 
process to be performed during the radial expansion process implemented using the 
expansion cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
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horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 

5 following: (1 ) U.S. patent application serial no. 09/454,1 39, attorney docket no. 
25791 .03.02,.filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, 

1 0 (5) U.S. patent application serial no. 09/523,460. attorney docket no. 25791 .1 1 .02, filed 
on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791 .1 2.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1 ,941 , 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 
no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 

1 5 application serial no. 09/559,1 22, attorney docket no. 25791 .23.02. filed on 4/26/2000. 
(10) PCT patent application serial no. PCT/US00/18635, attorney docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162,671, attorney docket no. 25791.27, filed on 11/1/1999, (12)-U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 

20 9/16/1 999. (1 3) U.S. provisional patent application serial no. 60/1 59,082, attorney 

docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/159.039, attorney docket no. 25791 .36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 25791.37, fifed 
on 10/12/1999, (16) U.S. provisional patent application serial no. . 

25 attorney docket no. 25791 .38, filed on 6/1 9/2000, (1 7) U.S. provisional patent 

application serial no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, 

(18) U.S. provisional patent application serial no. ' attorney docket no. 

. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
, attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

30 provisional patent application serial no. " attorney docket no. 25791 .47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/or may include one or more concentrically positioned 
tubular members. 
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Referring to Fig. 7b. an apparatus 700 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 
5 for radially expanding tubular members is coupled to an end of the tubular support 
member 705. 

An expansion cone launcher 735 is movably coupled to and supported by the 
expansion cone 715. The expansion cone launcher 735 includes an upper portion 
735a having an upper outer diameter, an intermediate portion 735b that mates with the 

1 0 expansion cone 71 5, and a lower portion 735c having a lower outer diameter. The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer diameter that is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 

15 the expansion cone launcher 735. In a preferred embodiment, the valveable passage 
745 may be controllably closed in order to fluidicly isolate a region 750 below the 
expansion cone 715 and bounded by the lower portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a"of the 

20 expansion cone launcher 735. One or more sealing members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 

25 in addition to, the sealing members 760a and 760b. 

In a preferred embodiment, the support member 705, the expansion cone 715, 
the expansion cone launcher 735, the shoe 740, and the expandable tubular member 
755 are provided substantially as disclosed In one or more of the following: (1 ) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 

30 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, fHed on 1 1/15/1999, (5) U.S. "patent 
application serial no. 09/523,460, attorney docket no. 25791 .1 1 .02, filed on 3/10/2000. 
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(6) U.S. patent application serial no. 09/51 2,895, attorney docket no. 25791 .1 2.02, filed 
on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, attorney docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946. 
attorney docket no. 25791 .1 7.02, filed on 6/7/2000, (9) U.S. patent application serial 
5 no. 09/559,122. attorney docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/US00/18635. attorney docket no. 25791.25.02. filed on 
7/9/2000, (11) U.S. provisional patent application serial no. 60/162.671. attorney docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
10 patent application serial no. 60/159,082. attorney docket no. 25791.34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial 
no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. ; , attorney docket no. 

15 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 

60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. provisional 

patent application serial no. „ , attorney docket no. 25791.45, filed on 

7/28/2000, (19) U.S. provisional patent application serial no. . attorney 

docket no. 25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application 

20 serial no. , attorney docket no. 25791 .47, filed on 9/1 8/2000, the 

disclosures of which aire incorporated herein by reference. 

As illustrated in Fig. 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 10, fluidic materials 765 within the wellbore 10 are 
conveyed through the apparatus 700 through the passages 710, 720 and 745 to a 
25 location above the apparatus 700. In this manner, surge pressures during placement 
of the apparatus 700 within the wellbore 10 are reduced. In a preferred embodiment, 
. the apparatus 700 Is initially positioned within the wellbore 10 such that the top portion 
of the tubular member 755 overlaps with the preexisting casing 1 5. In this manner, the 
upper portion of the expandable tubular member 755 may be radially expanded into 
30 contact with and coupled to the preexisting casing 1 5. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 755 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 
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As illustrated in Fig. 7c, a fluidic material 770 may then be injected through the 
apparatus 700 through the passages 710, 720, and 745 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 7d, a hardenabfe fluidic sealing material 775 may then be 

5 injected through the apparatus 700 through the passages 710, 720 and 745 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
hardenable fluidic sealing material may include, for example, a cement mixture, in 

1 0 several alternative embodiments, the injection of the hardenable fluidic sealing material 
775 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 775 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may then be 
injected iato the apparatus through the passages 710 and 720. A ball plug 785, or 

1 5 other similar device, may then be injected with the fluidic material 780 to thereby seal 
off the passage 745. In this manner, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g f the continued injection of the fluidic material 
780 into the apparatus 700 causes the expansion cone launcher 735 and expandable 

20 tubular member 755 to be plastically deformed and radially expanded off of the 
expansion cone 715. The resulting structure includes a lip 790. 

After completing the plastic deformation and radial expansion of the tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to thereby form 
an annular body 795 that provides a barrier to fluid flow into or out of the wellbore 10. 

25 Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 

using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
755. 

30 Referring to Fig. 7i, an additional tubular member 800 may then be plastically 

deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
800, an annular body 805 of a fluidic sealing material may be formed around the 
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tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. In a preferred embodiment, the lip 790 facilitates the 
coupling of the tubular member 800 to the tubular member 755 by providing a region 
on which the tubular member 800 may be easily coupled onto. 
5 Referring to Hg. 8a, in an alternative embodiment, a wellbore 10 includes a 

preexisting section of wellbore casing 15 and 900. The wellbore casing 900 includes 
sealing members 905a and 905b and a recess 910. An annular body 915 of a fluidic 
sealing material may also be provided around the casing 900. The casing 900 and 
annular body 915 may be provided using any number of conventional methods, the 

1 0 methods described above, and/or using one or more of the methods disclosed in the 
following: (1) U.S. patent application serial no. 09/454,139, attorney docket no. 
25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attorney docket.no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent 

15 application serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11 .02, filed 
on 3/10/2000, (6) U.S. patent application serial no. 09/512,895. attorney docket no. 
25791 .1 2.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1 ,941 , 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 

20 no. 09/588,946, attorney docket no. 25791 .17.02, filed on 6/7/20O0, (9) U.S. patent 
application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, 
( 1 0) PCT patent application serial no. PCT/US00/1 8635, attorney docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162,671, attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 

25 patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 
_jdocketna_25791.34 r filed on 10/12/1999, (14) U;S. provisional patent ap^icatlon serial 
no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 25791.37, filed 

.30 . on 10/12/1999, (16) U.S. provisional patent application serial no. , 

attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent 
application serial no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, 

(18) U.S. provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
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attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular member 
5 is then positioned within the wellbore 10 that includes a tubular support member 1005 
that defines a passage 1010 for conveying fluidic materials. A hydraulic locking device 
1015 that defines a passage 1020 for conveying fluidic materials that is fluidicly 
coupled to the passage 1010. The locking device 1015 further includes inlet passages, 
1020a and 1020b, actuating chambers, 1025a and 1025b, and locking members, 

1 0 1 030a and 1 030b. During operation, the injection of fluidic materials into the actuating 
chambers, 1025a and 1025b, causes the locking members, 1030a and 1030b, to be 
displaced outwardly in the radial direction. In this manner, the locking device 1015 may 
be controllably coupled to a tubular member to thereby maintain the tubular member in 
a substantially stationary position. As will be recognized by persons having ordinary 

1 5 skill in the art, the operating pressures and physical shape of the inlet passages 1 020, 
actuating chambers 1025, and locking members 1030 vyill determine the maximum 
amount of holding force provided by the locking device 1 01 5. In several alternative 
embodiments, fluidic materials may be injected into the locking device 1015 using a 
dedicated fluid passage in order to provide precise control of the locking device. In 

20 several alternative embodiments, the locking device 1015 may be omitted and the 
tubular support member 1005 coupled directly to the tubular support member 1035. 

One end of a tubular support member 1035 that defines a passage 1040 is 
coupled to the locking device 1015. The passage 1040 is fluidicly coupled to the 
passage 1020. An expansion cone 1045 that defines a passage 1050 and includes an 

25 outer conical surface 1055 is coupled to another end of the tubular support member 
1035. An expansion cone launcher 1060 is movably coupled to and supported by the 
expansion cone 1045. The expansion cone launcher 1060 includes an upper portion 
1060a having an upper outside diameter, an intermediate portion 1060b that mates 
with the expansion cone 1045, and a lower portion 1 060c having a lower outside 

30 diameter. The lower outside diameter is greater than the upper outside diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the lower 
portion 1060c of the expansion cone launcher 1060. In this manner, a region 1075 
below the expansion cone 1045 and bounded by the expansion cone launcher 1060 
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and the shoe 1065 may be pressurized and fluididy isolated from the annular region 
between the apparatus 1000 and the wellbore 10. 

An expandable tubular member 1 080 is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 
5 sealing members are coupled to the exterior of the upper portion of the expandable 
tubular member 1080. In several alternative embodiments, the sealing members may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
several alternative embodiments, one or more anchoring elements may substituted for, 
or used in addition to, the sealing members. 
10 An expansion cone 1085 defining a passage 1090 for receiving the tubular 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 1100 defining a passage 1 105 for receiving the tubular support member 1005 
is coupled to the bottom of the expansion cone 1085 for supporting and actuating the 
expansion cone. 

15 In a preferred embodiment, the support members 1 0Q5 and 1 035, the 

expansion cone 1045, the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclosed in one or 
" more of the following: (1) U.S. patent application serial no. 09/454,139, attorney docket 
no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, 

20 attorney docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791 .1 1 .02, filed 
on 3/10/2000, (6) US. patent application serial no. 09/512,895, attorney docket no, 

25 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941. 
attorney docket no. 25791 .16.02, filed on 2/24/2G0O. (8) U.S. patent application serial 
no. 09/588,946, attorney docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent^ - 
application serial no. 09/559,122, attorney docket no. 25791 .23.02, filed on 4/26/2000, 
(10) PCT patent application serial no. PCT/USO0/1 8635, attorney docket no. 

30 25791 .25.02, filed on 7/9/2000, (1 1 ) U.S. provisional patent application serial no. 
60/162,671, attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791 .29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 
docket no. 25791.34. filed on 10/12/1999, (14) U.S. provisional patent application serial 
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no. 60/159.039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S; 
provisional patent application serial no. 60/159,033, attorney docket no. 25791.37, filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. ' 

attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. provisional patent 
5 application serial no. 60/165.228. attorney docket no. 25791.39. filed on 1 1/12/1999, 

(18) U.S. provisional patent application serial no. , attorney docket no. 

25791.45. filed on 7/28/2000. (19) U.S. provisional patent application serial no. 

T : ■ attorney docket no. 25791.46. filed on 7/28/2000. and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791 .47, 

10 filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 
apparatus 1000 within the wellbore 10, fluidic materials 1 1 10 within the wellbore 10 are 
conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
.1070 to a location above the apparatus 1000. In this manner, surge pressures during 

1 5 placement of the apparatus 1 000 within the wellbore 1 0 are reduced. In a preferred 
embodiment the apparatus 1000 is initially positioned within the wellbore 10 such that 
the top portion of the tubular member 1080 overlaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
member 1080 may be radially expanded into contact with and coupled to the recess 

20 91 0 of the preexisting casing 900. 

As illustrated in Fig. 8c, a fluidic material 1115 may then be injected through the 
apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test the 
proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then be 

25 • injected through the apparatus 1000 through the passages 1010, 1020. 1040. and 
1070 into the annulus between the apparatus and the wellbore 10. In this manner, an 
annular barrier to fluid migration into and out of the wellbore 10 may be formed around 
the radially expanded expansion cone launcher 1060 and expandable tubular member 
1080. The hardenable fluidic sealing material may include, for example, a cement 

30 mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 1 120 may be omitted. In severed alternative embodiments, the 
hardenable fluidic sealing material 1 120 is compressible, before, during and/or after, 
the curing process. 
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As illustrated in Fig. 8e, a norvhardenable fluidic material 1 125 may then be 
injected into the apparatus 1000 through the passages 101 0, 1020 and 1040. A ball 
plug 1 130, or other similar device, may then be injected with the fluidic material 1 125 to 
thereby seal off the passage 1070. In this manner, the region 1075 may be 
pressurized by the continued injection of the fluidic material 1 125 into the apparatus 
1000. Furthermore, in this manner, the actuating chambers, 1025a and 1025b, of the 
locking device 1015 may be pressurized. In this manner, the tubular membej 1080 
may be held in a substantially stationary position by the locking device 1015. 

As illustrated in Fig. 8f, the expansion cone 1085 may then be actuated in the 
downward direction by a direct application of axial force using the support member 
1 100 and/or through the application of fluid force. The axial displacement of the 
expansion cone 1085 may plastically deform and radially expand the upper portion of 
the expandable tubular member 1080. In this manner, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to the recess 910 of the 
preexisting casing 900. 

During the downward actuation of the expansion cone 1 085, the locking 
member 1015 preferably prevents axial displacement of the tubular member 1 080. In a 
preferred embodiment, the locking member 1 01 5 is positioned proximate the upper 
portion of the tubular member 1080 in order to prevent buckling of the tubular member 
1080 during the radial expansion of the upper portion of the tubular member. In an 
alternative embodiment, the locking member 1015 is omitted and the interference 
between the intermediate portion 1060b of the expansion cone launcher 1060 and the 
expansion cone 1045 prevents the axial displacement of the tubular member 1080 
during the radial expansion of the upper portion of the tubular member. 

As illustrated in Fig. 8g f the expansion cone 1085 and 1 100 may then be raised 
out of the wellbore 10. 

- As illustrated in Fig, 8h, the continued injection of the fluidic materiat1125 into - 
the apparatus 1 000 may then cause the expansion cone launcher 1060 and the 
expandable tubular member 1080 to be plastically deformed and radially expanded off 
of the expansion cone 1045. In this manner, the expansion cone 1045 is displaced 
relative to the expansion cone launcher. 1060 and expandable tubular member 1080 in 
the axial direction. In a preferred embodiment, the axial forces created during the 
radial expansion process are greater than the axial forces generated by the locking 
device 1015. As will be recognized by persons having ordinary skill in the art, the 
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precise relationship between these axial forces will vary as a function of the operating 
characteristics of the locking device 1015 and the metallurgical properties of the 
expansion cone launcher 1060 and expandable tubular 1080. In an alternative 
embodiment, the operating pressures of the actuating chambers, 1025a and 1025b, 
5 and the region 1075 are separately controllable by providing separate and dedicated 
fluid passages for pressurizing each. 

As illustrated in Fig. 8i, after completing the plastic deformation and radial 
expansion of the tubular member 1080, the hardenable fluidic sealing material is 
allowed to cure to thereby form an annular body 1130 that provides a barrier to fluid 
1 0 flow into or out of the wellbore 1 0. The shoe 1065 may then removed by drilling out the 
shoe using a conventional drilling device. A new section of the wellbore 1 0 may also 
be drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular member 
1080. 

15 In an alternative embodiment, the annular body 1130 may be omitted. In 

several alternative embodiments, the annular body 1130 may be radially compressed 
before, during and/or after curing. 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter 

20 wellbore casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 1205 
and a lower preexisting casing 1210. The casings, 1205 and 1210, may further include 
outer annular layers of fluidic sealing materials such as, for example, cement. The 
ends of the casings, 1 205 and 1 21 0, are separated by a gap 1215. 

25 Referring to Fig. 9b, a tubular member 1220 may then be coupled to the 

opposing ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a 
preferred embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings, 1205 and 1210, by plastically deforming and radially expanding the tubular 
member 1220 using one or more of the methods and apparatus described and 

30 referenced above. 

Referring to Fig. 9c. a radial expansion device 1 225 may then be positioned 
within the tubular member 1220. In a preferred embodiment the length of the radial 
expansion device 1 225 is greater than or equal to the axial length of the tubular 
member 1220. In several alternative embodiments, the radial expansion device 1225 



may be any number of conventional radial expansion devices such as, for example, 
expansion cones actuated by hydraulic and/or direct axial force, roller expansion 
devices, and/or expandable hydraulic bladders. 

Referring to Figs. 9d and 9e, after actuation and subsequent de-actuation and 
5 removal of the radial expansion device 1225, the inside diameters of the casings. 1205 
and 1210, are substantially equal to the inside diameter of the tubular member 1220. 
In this manner, a mono-diameter wellbore casing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
and an inner tubular member 1310. In a preferred embodiment, the tubular members, 
10 1305 and 1310, are plastically deformed and radially expanded using one or more of 
the methods and apparatus described and referenced above. In this manner, a 
wellbore casing may be provided whose burst and collapse strength may be precisely 
controlled by varying the number, thickness, and/or material properties of the tubular 
members, 1305 and 1310. 
15 Referring to Fig. 11a, a wellbore 1400 includes a casing 1405 that is coupled to 

a preexisting casing 1410. In a preferred embodiment, one or more sealing members 
1415 are coupled to the exterior of the upper portion of the tubular member 1405 in 
order to optimally seal the interface between the tubular member 1405 and the 
preexisting casing 1410. In a preferred embodiment, the tubular member 1405 is 
20 plastically deformed and radially expanded using conventional methods and/or one or 
more of the methods and apparatus described and referenced above. In an exemplary 
embodiment, the outside diameter of the tubular member 1405 prior to the radial 
expansion process is OD 0 , the wall thickness of the tubular member 1405 prior to the 
radial expansion process is to, the outside diameter of the tubular member following the 
25 radial expansion process Is ODi , and the wall thickness of the tubular member 
following the radial expansion process is t,. 

Referring to F ig . 1 1b ra4ubulaHnember4420 may then be coupled to the lower 

portion of the tubular member 1405 by plastically deforming and radially expanding the 
tubular member 1420 using conventional methods and/or one or more of the methods 
30 and apparatus described and referenced above. In a preferred embodiment, the 

exterior surface of the upper portion of the tubular member 1420 includes one or more 
sealing members for sealing the interface between the tubular member 1420 and the 
tubular member 1405. 
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Referring to Fig. 11c, lower portion of the tubular member 1405 and the tubular 
member 1420 may be radially expanded again to provide a mono-diameter welibore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above. In 
an exemplary embodiment, the outside diameter and wall thickness of the lower portion 
of the tubular member 1405 after the additional radial expansion process are OD 2 and 
t* 

The radial expansion process of Figs. 1 1b-1 1c can then be repeated to provide 
a mono-diameter welibore casing of virtually unlimited length. 

In several alternative embodiments, the ordering of the radial expansions of the 
tubular members, 1405 and 1420, may be changed. For example, the first tubular 
member 1405 may be plastically deformed and radially expanded to provide a lower 
portion having the outside diameter OD 2 and the remaining portion having the outside 
diameter OD t . The tubular member 1420 may then be plastically deformed and 
radially expanded one or more times until the inside diameters of the tubular members, 
1405 and 1420, are substantially equal. The plastic deformations and radial 
expansions of the tubular members, 1405 and 1420, may be provided using 
conventional methods and/or one or more of the methods and apparatus described and 
referenced above. 

In an exemplary embodiment, the total expansion strain E of the tubular 
member 1405 may be expressed by the following equation: 

E=(OD 2 -OD 0 )/OD 0 (1) 
where OD 0 = original outside diameter, 

ODi = outside diameter after 1 st radial expansion; and 
OD 2 - outside diameter after 2 nd radial expansion. 
Furthermore, in an exemplary embodiment, where: (1 ) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the 
radial spacing between the tubular member 1405 and the welibore 1400 prior to the 
first radial expansion is equal to d, the outside diameters, OD t and OD 2 , of the tubular 
member 1405 following the first and second radial expansions may be expressed as: 

OD x = OD^2d + 2t x .(2) 
OD 2 = OD x + 2R+2t 2 (3) 
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where OD 0 = the original outside diameter of the tubular member 1405; 

ODi = the outside diameter of the tubular member 1 405 

following the first radial expansion; 
OD 2 = the outside diameter of the tubular member 1405 
5 " following the second radial expansion; 

d = the radial spacing between the tubular member 
1405 and the wellbore prior to the first radial 
expansion; 

t t .= the wall thickness of the tubular member 1405 
10 after the first radial expansion; 

t 2 = the wall thickness of the tubular member 1405 

after the second radial expansion; and 
R = the thickness of sealing member provided on the 
exterior surface of the tubular member 1 420. 
1 5 Furthermore, in an exemplary embodiment for d approximately equal to 0.25 

inches and R approximately equal to 0.1 inches, equation (1) can be approximated as: 



£ = (o.7"+3.7f 0 )/QD 0 (4) 



where to = the original wall thickness of the tubular member 

20 1405. 

In an exemplary embodiment, the total expansion strain of the tubular member 
1405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, from equation (4) the ratio of 
the original outside diameter to the original wall thickness (QDoAo) may be expressed 
25 as: 



0/) 0 // 0 >3.8/(03-0.7/0i) 0 ) (5) 
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Thus, in a preferred embodiment, for ODo less than 10 inches, the optimal ratio 
of the original outside diameter to the original wall thickness (ODorto) may be expressed 
as: 

OD 0 /t 0 >\6 (6) 
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In this manner, for typical tubular members, the burst and collapse strength of 
the tubular members following one or more radial expansions are maximized when the 
relationship in equation (6) is satisfied. Furthermore, the relationships expressed in 
equations (1 ) through (6) are valid regardless of the order or type of the radial 

5 expansions of the tubular member 1405. More generally, the relationships expressed 
in equations (1) through (6) may be applied to the radial expansion of structures having 
a wide range of profiles such as, for example, triangular, rectangular, and oval. 

An apparatus for plastically deforming and radially expanding a tubular member 
has been described that includes means for plastically deforming and radially 

1 0 expanding a first portion of the tubular member to a first outside diameter, and means 
for plastically deforming and radially expanding a second portion of the tubular member 
to a second outside diameter. In a preferred embodiment, the first outside diameter is 
greater than the second outside diameter. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 

1 5 the first outside diameter is removable. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 
the ftrst outside diameter is frangible. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 
the first outside diameter is elastic In a preferred embodiment, the means for 

20 plastically deforming and radially expanding the first portion of the tubular member to 
the first outside diameter includes means for applying a radial force to the first portion 
of the tubular member. In a preferred embodiment, the means for plastically deforming 
and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a preferred embodiment, the means for plastically deforming 

25 and radially expanding the first portion of the tubular member to the first outside 

diameter includes rolling means for applying radial pressure to the first portion of the 
tubular member. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
30 passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface, a 
removable annular conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a vafveable passage coupled to an 
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end of the expansion cone launcher. In a preferred embodiment, the conical sleeve is 
frangible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. . 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a portion 
of the tubular member to a first outside diameter, and plastically deforming and radially 
expanding another portion of the tubular member to a second outside diameter. In a 
preferred embodiment, the first diameter is greater than the second diameter. In a 
preferred embodiment, plastically deforming and radially expanding the portion .of the 
tubular member includes applying a radial force to the portion of the tubular member 
using a conical sleeve. In a preferred embodiment, conical sleeve is frangible. In a 
preferred embodiment, the conical sleeve is elastic. In a preferred embodiment, the 
conical sleeve includes a plurality of arcuate elements. In a preferred embodiment, 
plastically deforming and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using an inflatable bladder . 
In a preferred embodiment, plastically deforming and radially expanding the portion of 
the tubular member includes applying a radial force to the portion of the tubular 
member using a roller expansion device. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
— outside^iameter^Fhe^nside diam ete rs o f th o fir st-a n d seco nd tubulaf^embers-after— 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the first outside diameter is greater than the second outside diameter. In 
a preferred embodiment, plastically deforming and radially expanding the first portion of 
the first tubular member Includes applying a radial force to the portion of the tubular 
member using a conical sleeve. In a preferred embodiment, the conical sleeve is 
frangible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 
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embodiment, plastically deforming and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying a 
5 radial force to the first portion of the first tubular member using a roller expansion 
device. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 

10 for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, means for plastically deforming and radially expanding the 
second tubular member to a third outside diameter, and means for plastically deforming 

1 5 and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred embodiment, the first 
outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 

20 portion of the first tubular member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In 
a preferred embodiment, the conical sleeve includes a plurality of arcuate elements, in 
a preferred embodiment, the means for plastically deforming and radially expanding the 

25 first portion of the first tubular member includes means for applying a radial force to the 
first potion of the first tubular member using an inflatable bladder. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. 

30 An apparatus for forming a wellbore casing within a wellbore has also been 

described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically deforming and radially 
expanding a second portion of the tubular member to a second outside diameter. In a 
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preferred embodiment, the first outside diameter is greater than the second outside 
diameter. In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is 
removable. In a preferred embodiment, the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outskJe diameter is 
frangible. In* preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is elastic 
In a preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter includes means for 
applying a radial force to the first portion of the tubular member. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is inflatable. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
. portion of the tubular member to the first outside diameter includes rolling means for 
applying radial pressure to the first portion of the tubular member. In a preferred 
embodiment, the apparatus further includes means for forming an annular body of a 
fluidic sealing material within an annulus between the tubular member and the 
wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, a removable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 
annular expansion cone launcher coupled to the conical sleeve and a lower portion of 
the tubular member, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher. In a preferred embodiment, the conical sleeve is frangible. 
— 4n-a-pre f o rr c d embodiment, th e co Riealsleeve is elasti c. I n a pref e rred embedimenV- 
the conical sleeve includes a plurality of arcuate elements. 

A method of forming a wellbore casing within a wellbore has also been 
described that includes supporting a tubular member within a wellbore, plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter In a preferred embodiment, the first 
diameter Is greater than the second diameter. In a preferred embodiment, plastically 
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deforming and radially expanding the portion of the tubular member Includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. In a preferred embodiment, the conical sleeve includes a plurality of 

5 arcuate elements. In a preferred embodiment, plastically deforming and radially 
expanding the portion of the tubular member includes applying a radial force to the 
portion of the tubular member using an inflatable bladder. In a preferred embodiment, 
plastically deforming and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using a roller expansion 

10 device. In a preferred embodiment, the method further includes injecting an annular 
body of a hardenable fluidic sealing material into an annuius between the tubular 
member and the wellbore. In a preferred embodiment, the method further includes 
curing the annular body of hardenable fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has 

1 5 also been described that includes supporting a first tubular member within the wellbore, 
plastically deforming and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 

20 first tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal. In a preferred embodiment, the first outside diameter is greater 

25 than the second outside diameter. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. In a preferred embodiment, the conical sleeve includes a plurafity of 

30 arcuate elements. In a preferred embodiment, plastically deforming and radially 

expanding the first portion of the first tubular member includes applying a radial force to 
the first portion of the first tubular member using an inflatable bladder. In a preferred 
embodiment, plastically deforming and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 
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member using a roller expansion device. In a preferred embodiment, the method 
further includes injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the first tubular member and the wellbore. In a preferred 
embodiment, the method further includes curing the annular body of hardenable fluidic 
5 sealing material. In a preferred embodiment, the method further includes injecting an 
annular body of a hardenable fluidic sealing material into an annulus between the 
second tubular member and the wellbore. In a preferred embodiment, the method 
further includes curing the annular body of hardenable fluidic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member 
10 has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
15 first tubular member, means for plastically deforming and radially expanding the 

second tubular member to a third outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter: The 
inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred embodiment, the first 
20 outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In 
25 a preferred embodiment, the conical sleeve includes a plurality of arcuate elements. In 
a preferred embodiment, the means for plastically deforming and radially expanding the 

firsti>ortior*eHhe^ 

first portion of the first tubular member using an inflatable bladder. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
30 portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. In a preferred 
embodiment, the apparatus further includes means for injecting an annular body of a 
hardenable fluidic sealing material into an annulus between the first tubular member 
and the wellbore. In a preferred embodiment, the apparatus further includes means for 
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curing the annular body of hardenabie fluidic sealing material. In a preferred 
embodiment, the apparatus further includes means for injecting an annular body of a 
hardenabie fluidic sealing material into an annutus between the second tubular 
member and the wellbore. In a preferred embodiment, the apparatus further includes 

5 means for curing the annular body of hardenabie fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes means for providing a lipped portion in a portion 
of the tubular member, and means for plastically deforming and radially expanding 
another portion of the tubular member. 

10 An apparatus for plastically deforming and radially expanding a tubular member 

has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second 
fluid passage flutdidy coupled to the first fluid passage and an outer conical surface, an 
. annular expansion cone launcher including: a first annular portion coupled to a lower 

1 5 portion of the tubular member, a second annular portion coupled to the first annular 
portion that mates with the outer conical surface of the expansion cone, a third annular 
portion coupled to the second annular portion having a first outside diameter, and a 
fourth annular portion coupled to the third annular portion having a second outside . 
diameter, wherein the second outside diameter is less than the first outside diameter, 

20 and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of the tubular 
member, and plastically deforming and radially expanding another portion of the tubular 

25 member. 

A method of coupling a first tubular member to a second, tubular member has 
also been described that includes providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member 
30 in overlapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular member. The inside diameters of 
the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 
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An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for providing a lipped portion in the first 
tubular member, means for plastically deforming and radially expanding another portion 
of the first tubular member, means for positioning the second tubular member inside 
the first tubular member in overlapping relation to the lipped portion of the first tubular 
member, and means for plastically deforming and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
means for providing a lipped portion in the tubular member, and means for plastically 
deforming and radially expanding another portion of the tubular member to a second 
outside diameter. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
mates with the outer conical surface of the expansion cone, a third annular portion 
coupled to the second annular portion having a first outside diameter, and a fourth 
annular portion coupled to the third annular portion having a second outside diameter, 
wherein the second outside diameter is less than the first outside diameter, and a shoe 
having a valveable passage coupled to fourth annular portion of the expansion cone 
launcher. 

A method of forming a wellbore casing in a wellbore has also been described 

— thaHncludoG s uppo rfrig^btftai^mbe^ providing o ti pped. 

portion in a portion of the tubular member, and plastically deforming and radially 
expanding another portion of the tubular member. In a preferred embodiment, the 
method further includes injecting a hardenable fluidic sealing material in an annulus 
between the tubular member and the wellbore. In a preferred embodiment, the method 
further includes curing the fluidic sealing material. 

A method of forming a mono^liameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within the wellbore. 
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providing a lipped portion in a portion of the first tubular member, plasticajly deforming 
and radially expanding another portion of the first tubular member, positioning the 
second tubular member inside the first tubular member in overlapping relation to the 
lipped portion of the first tubular member, and plastically deforming and radially 

5 expanding the second tubular member. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are substantially 
equal In a preferred embodiment, the method further includes injecting a hardenable 
fluidic sealing material in an annulus between the first tubular member and the 
wellbore. In a preferred embodiment, the method further includes curing the fluidic 

10 sealing material. In a preferred embodiment, the method further includes injecting a 
hardenable fluidic sealing material in an annulus between the second tubular member 
and the wellbore. In a preferred embodiment, the method further includes curing the 
fluidic sealing material. 

An apparatus for forming a mono-diameter wellbore casing within a wellbore 

15 has also been described that includes means for providing a lipped portion in the first 
tubular member, means for plastically deforming and radially expanding another portion 
of the first tubular member, means for positioning the second tabular member inside 
the first tubular member in overlapping relation to the lipped portion of the first tubular 
member, and means for plastically deforming and radially expanding the second 

20 tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material in an annulus between the first tubular member and the wellbore. In a 
preferred embodiment, the apparatus further includes means for curing the fluidic 

25 sealing material. In a preferred embodiment, the apparatus further includes means for 
injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. In a preferred embodiment, the apparatus further 
includes means for curing the fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular member 

30 has also been described that includes means for plastically deforming and radially 
expanding a first end of the tubular member, and means for plastically deforming and 
radially expanding a second end of the tubular member. In a preferred embodiment, 
the apparatus further includes means for anchoring the tubular member during the 
radial expansion. 
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An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first 
* passage, an expansion cone coupled to the tubular support having a second passage 
ftuidlcty coupled to the first passage and an outer conical surface, an annular 
5 expansion cone launcher movably coupled to outer conical surface of the expansion 
cone, an expandable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 
10 in opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically deform and radially expand a first end of the expandable tubular 
member and the other annular expansion cone is adapted to plastically deform and 
radially expand a second end of the expandable tubular member. In a preferred 
embodiment, the apparatus further includes an anchoring member coupled to the 
15 tubuiar support member adapted to hold the expandable tubular. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first 
end of the tubular member, and plastically deforming and radially expanding a second 
end of the tubular member. In a preferred embodiment, the method further includes 
20 anchoring the tubular member during the radial expansion. In a preferred embodiment, 
the first end of the tubular member is plastically deformed and radially expanded before 
the second end. In a preferred embodiment, plastically deforming and radially 
expanding the second end of the tubular member includes injecting a fluidic material 
into the tubular member. 
25 A method of coupling a first tubular member to a second tubular member has 

also been described that includes positioning the second tubular member inside the 

r^irsHttbtiiar-membeH^^ — 

expanding the end of the second tubular member that overlaps with the first tubular 
member, and plastically deforming and radially expanding the remaining portion of the 
30 _ second tubular member. In a preferred embodiment, the method further includes 
plastically deforming and radially expanding at least a portion of the second tubular 
member. In a preferred embodiment, the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 
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An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship, means for 
plastically deforming and radially expanding the end of the second tubular member that 
5 overlaps with the first tubular member, and means for plastically deforming and radially 
expanding the remaining portion of the second tubular member. In a preferred 
embodiment, the apparatus further includes means for plastically deforming and _ 
radially expanding at least a portion of the second tubular member. In a preferred 
embodiment, the inside diameters of the first and second tubular members are 

10 substantially equal after the radial expansions. 

An apparatus for forming a wellbpre casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first end of the tubular 
member, and means for plastically deforming and radially expanding a second end of 

1 5 the tubular member. In a preferred embodiment, the apparatus further includes means 
for anchoring the tubular member during the radial expansion. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluid ic 
sealing material into an annulus between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 

20 described that includes a tubular support member including a first passage, an 
expansion cone coupled to the tubular support having a second passage fluidicly 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular member coupled to an end of the annular expansion cone 

25 launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 
in opposite orientations. In a preferred embodiment the annular expansion cone is 
adapted to plastically deform and radially expand a first end of the expandable tubular 

30 member and the other annular expansion cone is adapted to plastically deform and 
radially expand a second end of the expandable tubular member. In a preferred 
embodiment, the apparatus further includes an anchoring member coupled to the 
tubular support member adapted to hold the expandable tubular. 
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A method of forming a wellbore casing within a wellbore has also been 
described that includes plastically deforming and radially expanding a first end of the 
tubular member, and plastically deforming and radially expanding a second end of .the 
tubular member. In a preferred embodiment, the method further includes anchoring the 
5 tubular member during the radial expansion. In a preferred embodiment, the first end 
of the tubular member is plastically deformed and radially expanded before the second 
end. In a preferred embodiment, plastically deforming and radially expanding the 
second end of the tubular member includes injecting a fluidic material into the tubular 
member. In a preferred embodiment, the method further includes injecting a 
1 0 hardenable fluidic sealing material Into an annulus between the tubular member and 
the wellbore. 

A method of forming a wellbore casing within a wellbore has also been 
described that includes plastically deforming and radially expanding a first tubular 
member within the wellbore, positioning a second tubular member inside the first 
1 5 tubular member in an overlapping relationship, plastically deforming and radially 
expanding the end of the second tubular member that overlaps with the first tubular 
member, plastically deforming and radially expanding the remaining portion of the 
second tubular member. In a preferred embodiment, the method further includes 
' plastically deforming and radially expanding at least a portion of the second tubular 
20 member. In a preferred embodiment, the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. In a preferred 
* embodiment, the method further includes injecting a hardenable fluidic sealing material 
into an annulus between the first tubular member and the wellbore. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic seating material 
25 into an annulus between the second tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 

described th a t lndude s^roans4ei^astiGally^feffrt e xpand ing-a-first— 

tubular member within the wellbore, means for positioning the second tubular member 
inside the first tubular member in an overlapping relationship, means for plastically 
30 deforming and radially expanding the end of the second tubular member that overlaps 
with the first tubular member, means for plastically deforming and radially expanding 
the remaining portion of the second tubular member. In a preferred embodiment, the 
apparatus further Includes means for plastically deforming and radially expanding at 
least a portion of the second tubular member. In a preferred embodiment, the inside 
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diameters of the first and second tubular members are substantially equal after the 
radial expansions. In a preferred embodiment the apparatus further includes means 
for injecting a hardenable fluidic sealing material into an annulus between the first 
tubular member and the wellbore. In a preferred embodiment, the apparatus further 

5 includes means for injecting a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore 
casing within a wellbore has also been described that includes means for supporting a 
tubular member in overlapping relation to the opposing ends of the wellbore casings, 

1 0 means for plastically deforming and radially expanding the tubular member, and means 
for plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore has also been described that includes supporting a tubular member in 

1 5 overlapping relation to the opposing ends of the wellbore casings, plastically deforming 
and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of forming a structure having desired strength characteristics has also 
20 been described that includes providing a first tubular member, and plastically deforming 
and radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. 

A method of forming a wellbore casing within a wellbore having desired strength 
characteristics has also been described that includes plastically deforming and radially 
25 expanding a first tubular member within the wellbore, and plastically deforming and 
radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. 

A method of coupling a first tubular member to a second tubular member, the 
first tubular member having an original outside diameter OD 0 and an original wall 
30 thickness to, has also been described that includes plastically deforming and radially - 
expanding a first portion of the first tubular member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular member 
to a second outside diameter, positioning the second tubular member inside the first 
tubular member in overlapping relation to the first portion of the first tubular member, 
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plasticallyjteforming and radially expanding the second tubular member to a third 
outside diameter, and plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter, wherein the inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
5 substantially equal, and 

wherein the ratio of the original outside diameter OD 0 of the first tubular member to the 
original wall thickness to of the first tubular member is greater than or equal to 16. 

A method of forming a mono-diameter wellbore casing has also been described 
that includes positioning a first tubular member within a wellbore, the first tubular 
10 member having an original outside diameter OD 0 and an original wall thickness to, 

plastically deforming and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
1 5 first tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter, the inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and wherein the ratio of the original outside diameter OD 0 of 
20 the first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of the 
25 original outside diameter OD 0 of the first tubular member to the original wall thickness to 
of the first tubular member is greater than or equal to 16. 

A*^paratus4^s^lso-beer^esGribed4haynGl deform e d a nd- 

radiaily expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
30 deformed and radially expanded second tubular member coupled to the first portion of 
the first tubular member. The ratio of the original outside diameter OD 0 of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. In a preferred embodiment, the inside diameters of the first and 
second tubular members are substantially equal. 
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A wellbore casing formed in a wellbore has also been described that includes a 
plastically deformed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 
coupled to the first portion of the first tubular member. The ratio of the original outside 
diameter OD 0 of the first tubular member to the original wall thickness to of the first 
tubular member is greater than or equal to 16. In a preferred embodiment, the inside 
diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member. In a preferred embodiment, the ratio of the original 
outside diameter OD 0 of the tubular member to the original wall thickness to of the 
tubular member is greater than or equal to .16. 

In several alternative embodiments, the methods and apparatus described and 
referenced above may be used tp form or repair wellbore casings, pipelines, and 
structural supports. 

Although this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates a wide range of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a corresponding use of the other features. 
Accordingly, it is appropriate that readers should construe the appended daims 
broadly, and in a manner consistent with the scope of the invention. 
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Claims 

1. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first passage; 
5 an expansion cone coupled to the tubular support having a second passage 

fluidicly coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surface of 

the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion cone 

10 launcher; 

a shoe coupled to another end of the annular expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support member; 
wherein the annular expansion cones are positioned in opposite orientations. 

15 

2. The apparatus of claim 1 . wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 
expand a second end of the expandable tubular member. 

20 

3. The apparatus of claim 1 1 further comprising: 

an anchoring member coupled to the tubular support member adapted to hold the 
. expandable tubular. 

25 4. An apparatus for forming a wellbore casing within a weilbore, comprising: 
a tubular support member including a first passage; 

, a n e xpansion con e coupl e d to th e tubul a r support h a ving a s o cond p assage 

fluidicly coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surface of 

30 the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion cone 

launcher, 

a shoe coupled to another end of the annular expansion cone launcher having a 
valveable fluid passage; and 
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another annular expansion cone movably coupled to the tubular support member; 
wherein the annular expansion cones are positioned in opposite orientations. 

5. The apparatus of claim 4, wherein the annular expansion cone 4s adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 
expand a second end of the expandable tubular member. 

6. The apparatus of claim 4, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold the 
expandable tubular. 

7. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising; 

means for coupling a first expansion cone to a second expansion cone; 

means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter using the first and second expansion cones; 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter using the second expansion cone; and 

means for decoupling the first and second expansion cones prior to plastically 
deforming and radially expanding the second portion of the tubular member to the 
second outside diameter, 

wherein the first outside diameter is greater than the second outside diameter. 

8. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion 
cone; 

decoupling the first and second expansion cones; and 
plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter using the second expansion cone; 

wherein the first outside diameter is greater than the second outside diameter. 
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9. A method of coupling a first tubular member to a second tubular member , 
comprising: 

- plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter using a first expansion cone coupled to a second 

expansion cone; 

decoupling the first and second expansion cones; 

plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter using the second expansion cone; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and 

plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter, 

wherein the first outside diameter is greater than the second outside diameter; 

and 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

10. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter using a first expansion cone coupled to a 
second expansion cone; 

means for decoupling the first expansion cone from the second expansion cone; 

means for plastically deforming and radially expanding another portion of the first 
--tubul a r m e mb e r to o s e c ond u uW do d i amet er using th o soc ond oxpansion cone; 

means for positioning the second tubular member inside the first tubular member 
in overlapping relation to the first portion of the first tubular member, 

means for plastically deforming and radially expanding the second tubular 
member to a third outside diameter; and 

means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter, 

wherein the first outside diameter is greater than the second outside diameter, 
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and 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are .substantially equal. 

5 1 1 . An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 
means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter using a first expansion cone coupled to a 
second expansion cone; 
1 0 means for decoupling the first and second expansion cones; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter using the second expansion cone; 
wherein the first outside diameter is greater ttoan the second outside diameter. 

15 1 2. A method of forming a wellbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubutarmember to a 
first outside diameter using a first expansion cone coupled to a second expansion 
cone; 

20 decoupling the first and second expansion cones; and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter using the second expansion cone; 

wherein ,the first outside diameter is greater than the second outside diameter. 

25 1 3. A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

supporting a first tubular member within the wellbore; 
plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter using a first expansion cone coupled to a second 

30 expansion cone; 

decoupling the first and second expansion cones; 

plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter using the second expansion cone; 

positioning the second tubular member inside the first tubular member in 
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overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and 

plastically deforming and radially expanding the second tubular member to a 
5 fourth outside diameter, 

wherein the first outside diameter is greater than the second outside diameter, 

and 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

10 

14. Apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter using a first expansion cone coupled to a 

15 second expansion cone; 

means for decoupling the first and second expansion cones; 
means for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter using the second expansion cone; 

means for positioning the second tubular member inside the first tubular member 
20 in overlapping relation to the first portion of the first tubular member, 

means for plastically deforming and radially expanding the second tubular 
member to a third outside diameter; and 

means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter, 
25 wherein the first outside diameter is greater than the second outside diameter, 

and 

wherein the i ns i de diameter s of tho first and s e cond tubu la r memb ers aftef&e— 

plastic deformations and radial expansions are substantially equal. 
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1 . _ An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter; and 
5 means for plastically deforming and radially expanding a second portion of the 

tubular member to a second outside diameter. 

2. The apparatus of claim 1 , wherein the first outside diameter is greater than the 
second outside diameter. 

10 

3. The apparatus of claim 1, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

15 4. The apparatus of claim 1 , wherein the means for plastically deforming and 

radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

5. The apparatus of claim 1 , wherein the means for plastically deforming and 

20 radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

6. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 

25 comprises means for applying a radial force to the first portion of the tubular member. 

7. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
inflatable. 

30 

8. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
includes rolling means for applying radial pressure to the first portion of the tubular 
member. 
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9. An apparatus foe plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 

fluid passage fluididy coupled to the first fluid passage and an outer 

conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member, and 
a shoe having a valveable passage coupled to an end of the expansion cone 

launcher 

1 0. The apparatus of claim 9, wherein the conical sleeve is frangible. 
11 The apparatus of claim 9, wherein the conical sleeve is elastic. 

1 2. The apparatus of claim 9, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

1 3. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to 

a first outside diameter, and 
plastically deforming and radially expanding another portion of the tubular 
member \o- ? «*prnnri n t rts k te di a me t e r. : — 

14. The method of claim 1 3. wherein the first diameter is greater than the second 
diameter. 

15. The method of daim 13. wherein plastically deforming and radially expanding me 
portion of the tubular member comprises: 
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applying a radial force to the portion of the tubular member using a conical 
sleeve. 

16. The method of claim 1 5, wherein the conical sleeve is frangible. 

5 

17. The method of claim 15, wherein the conical sleeve is elastic. 

18. The method of claim 15, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

10 

19. The method of claim 13, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
15 bladder. 

20. The method of claim 1 3, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
20 expansion device. 

21. A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
25 member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 
30 plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter, 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

22. The method of claim 21 , wherein the first outside diameter is greater than the 
5 second outside diameter. 

23. The method of claim 21. wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
10 sleeve. 

24. The method of claim 23. wherein the conical sleeve is frangible. 

25. The method of daim 23. wherein the conical sleeve is elastic. 
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26. The method of daim 23. wherein the conical sleeve comprises a plurality of 
arcuate elements. 



27. The method of daim 21 . wherein plastically deforming and radially expanding the 
20 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

28. The method of daim 21. wherein plastically deforming and radially expanding the 
25 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
ro l l e r expa nsion riRvicn . 



29. An apparatus for coupling a first tubular member to a second tubular member. 
30 comprising: 

means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter; 
means for plastically deforming and radially expanding another portion of the 

first tubular member to a second outside diameter 
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means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular 
member; 

means for plastically deforming and radially expanding the second tubular 

member to a third outside diameter, and 
means for plastically deforming and radially expanding the second tubular 

member to a fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 

30. The apparatus of claim 29, wherein the first outside diameter is greater than the 
second outside diameter. 

31 . The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. " The apparatus of claim 31 , wherein the conical sleeve is frangible. 

33. The apparatus of claim 31 , wherein the conical sleeve is elastic. 

34. The apparatus of daim 31 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

35. The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portionof the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

"36. The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 
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37. An apparatus for forming a wellbore casing within a wellbore, comprising: 

means for supporting a tubular member within the wellbore; 
means for plastically deforming and radially expanding a first portion of the 
5 tubular member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter . 

38. The apparatus of claim 37, wherein the first outside diameter is greater than the 
10 second outside diameter. 

39. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

15 

40. The apparatus of claim 37. wherein the means for plastically deforming and 
radially expanding the fiist portion of the tubular member to the first outside diameter is 
frangible. 

20 41. The apparatus of claim 37, wherein the means for plastically deforming and 

radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

42. The apparatus of claim 37. wherein the means for plastically deforming and 
25 radially expanding the first portion of the tubular member to the first outside diameter 
comprises means for applying a radial force to the first portion of the tubular member. 



43. The apparatus of claim 37. wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
30 inflatable. 



44. The apparatus of claim 37. wherein the means for plastically deforming 
radially expanding the first portion of the tubular member to the first outside d 



comprises rolling means for applying radial pressure to the first portion of the tubular 
member. 



The apparatus of claim 37, further comprising: 
means for forming an annular body of a fluidic sealing material within an 
annulus between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicty coupled to the first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member, and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

20 47. The apparatus of daim 46, wherein the conical sleeve is frangible. 

48. The apparatus of daim 46, wherein the conical sleeve is elastic. 

49. The apparatus of daim 46, wherein the conical sleeve comprises a plurality of 
25 arcuate elements. 

50. A method of forming a wellbore casing within a wellbore, comprising: 

supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to 
30 a first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 



70 



45. 

5 



46. 

10 

15. 



51 . The method of claim 50, wherein the first diameter is greater than the second 
diameter. 



52. The method of claim 60, wherein plastically deforming and radially expanding the 
5 portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
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53. The method of claim 50, wherein the conical sleeve is frangible. 

54. The method of claim 50. wherein the conical sleeve is elastic. 

55. The method of claim 50, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

56. The method of claim 50, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 

bladder. 



20 



57. The method of claim 50. wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

25 

58. The method of claim 50, further comprising: 

i nj A rtingji n anm ila r body nf a harrten a hfr fit i Vfc se a ling material Mo an 

annulus between the tubular member and the wellbore. 

30 59. The method of claim 58, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

60. A method of forming a mono-diameter wellbore casing within a wellbore. 
comprising: 
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supporting a first tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member; 
plastically deforming and radially expanding the second, tubular member to a 

third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter, 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal 

61 . The method of claim 60, wherein the first outside diameter is greater than the 
second outside diameter. 

62. The method of claim 60, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

63. The method of claim 62 t wherein the conical sleeve is frangible. 

64. The method of claim 62, wherein the conical sleeve is elastic. 

65. The method of claim 62, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

66. The method of claim 60, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 
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67. The method of daim 60, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device, 

5 

68. The method of claim 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the first tubular member and the weflbore. 

1 0 69. The method of claim 68, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

70. The method of claim 60, further comprising: 

Injecting an annular body.of a hardenable fluidic sealing material into an 
15 annulus between the second tubular member and the wellbore. 

71 . The method of claim 70, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

20 72. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter, 
means for plastically deforming and radially expanding another portion of the 
25 first tubular member to a second outside diameter, 

means for positioning the second tubular member inside the first tubular 

_merT^tOiU)veriapping4elation to th e first p ortion nf the fir s t tu bular 

member; 

means for plastically deforming and radially expanding the second tubular 
30 member to a third outside diameter; and 

means for plastically deforming and radially expanding the second tubular 

member to a fourth outside diameter, 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 
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73. The apparatus of claim 72, wherein the first outside diameter is greater than the 
second outside diameter. 

5 74. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

10 75. The apparatus of claim 74, wherein the conical sleeve is frangible. 

76. The apparatus of claim 74, wherein the conical sleeve is elastic. 

77. The apparatus of claim 74, wherein the conical sleeve comprises a plurality of 
15 arcuate elements. 

78. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
20 using an inflatable bladder. 

79. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
25 using a roller expansion device. 

80. The apparatus of claim 72, further comprising: 

means for injecting an annular body of a hardenable flutdic sealing material into 
an annulus between the first tubular member and the wellbore. 
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81 . The apparatus of claim 80, further comprising: 

means for curing the annular body of hardenable fluidic sealing material. 

82. The apparatus of claim 72, further comprising: 
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means for injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the second tubular member and the wellbore. 



83. The apparatus of daim 82, further comprising: 

5 means for curing the annular body of hardenable fluidic sealing material. 

84. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular member, and 
10 means for plastically deforming and radially expanding another portion of the 

tubular member. 

86. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

1 5 a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 
2Q a first annular portion coupled to a lower portion of the tubular member; 

a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 
first outside diameten and 
25 a fourth annular portion coupled to the third annular portion having a 

second outside diameter; 

wherein thft spranri mitsid ft ri i amp fp r is te ss tha n the fi rst out si de 

diameter, and 

a shoe having a vafveable passage coupled to fourth annular portion of the 
30 expansion cone launcher. 

86. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular member, and 
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plastically deforming and radially expanding another portion of the tubular 
member. 



87. A method of coupling a first tubular member to a second tubular member, 
5 comprising: 

providing a lipped portion in a portion of the first tubular member, 
plastically deforming and radially expanding another portion of the first tubular 
member; 

positioning the second tubular member inside the first tubular member in 
10 overlapping relation to the lipped portion of the first tubular member; and 

plastically deforming and radially expanding the second tubular member; 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

15 88. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portion in the first tubular member; 

means for plastically deforming and radially expanding another portion of the 

first tubular member, 
20 means for positioning the second tubular member inside the first tubular 

member in overlapping relation to the lipped portion of the first tubular 

member, and 

means for plastically deforming and radially expanding the second tubular 
member, 

25 wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 
means for providing a lipped portion in the tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

90. An apparatus for forming a wellbore casing within a wellbore, comprising: 
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a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicfy coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member, 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 

first outside diameter, and 
a fourth annular portion coupled to the third annular portion having a 

second outside diameter, 
wherein the second outside diameter is less than the first outside 
diameter, and 

a shoe having a vaiveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

91 . A method of forming a wellbore casing in a wellbore, comprising: 

supporting a tubular member within the wellbore; 
providing a lipped portion in a portion of the tubular member; and 
plastically deforming and radially expanding another portion of the tubular 
member. 

92. The method of claim 91. further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the tubular 
member and the wellbore. 



93. The method of claim 92, further comprising: 
curing the fluidic sealing material. 

94. A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

supporting a first tubular member within the wellbore; 

providing a lipped portion in a portion of the first tubular member, 
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plastically deforming and radially expanding another portion of the first tubular 
member, 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member; and 
5 plastically deforming and radially expanding the second tubular member, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

95. The method of claim 94, further comprising: 
10 injecting a hardenable fluidic sealing material in an annulus between the first 

tubular member and the wellbore. 



96. The method of claim 95, further comprising: 
curing the fluidic sealing material. 

97. The method of claim 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. 
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20 98. The method of claim 97, further comprising: 
curing the fluidic sealing material. 

99. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

25 means for providing a lipped portion in the first tubular member, 

means for plastically deforming and radially expanding another portion of the 

first tubular member; 
means for positioning the second tubular member inside the first tubular 

member in overlapping relation to the lipped portion of the first tubular 
30 member, and - 

means for plastically deforming and radially expanding the second tubular 
" member, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 
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1 00. The apparatus of claim 99, further comprising: 

means for injecting a hardenable fluidic sealing material in an annulus between 
the first tubular member and the wellbore. 

101. The apparatus of claim 100, further comprising: 
means for curing the fluidic sealing material. 

102. The apparatus of claim 99, further comprising: 

means for Injecting a hardenable fluidic sealing material in an annuius between 
the second tubular member and the wellbore. 

103. The apparatus of claim 102, further comprising: 
means for curing the fluidic sealing material. 

104. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

• means for plastically deforming and radially expanding a first end of the tubular 
member; and 

means for plastically deforming and radially expanding a second end of the 
tubular member. 

1 05. The apparatus of claim 1 04, further comprising: 

means for anchoring the tubular member during the radial expansion. 

106. An apparatus for plastically deforming and radially expanding a tubular member, 

— comprising — : 

a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage 

fluidicly coupled to the first passage and an outer conical surface; 
an annular expansion cone launcher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher; 
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a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 
another annular expansion cone movabty coupled to the tubular support 

member, 

wherein the annular expansion cones are positioned in opposite orientations. 

107. The apparatus of claim 106, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 
expand a second end of the expandable tubular member. 

108. The apparatus of claim 106, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

1 09. A method of plastically deforming and radially expanding a tubular member , 
comprising: 

plastically deforming and radially expanding a first end of the tubular member, 
and 

plastically deforming and radially expanding a second end of the tubular 
member. 

1 10. The method of claim 109, further comprising: 
anchoring the tubular member during the radial expansion. 

1 1 1 . The method of claim 109, wherein the first end of the tubular member is 
plastically deformed and radially expanded before the second end. 

112. The method of claim 109, plastically deforming and radially expanding the 
second end of the tubular member comprises injecting a fluidic material into the tubular 
member. 

1 1 3. A method of coupling a first tubular member to a second tubular member, 
comprising: 
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positioning the second tubular member inside the first tubular member in an 

overlapping relationship; 
plastically deforming and radially expanding the end of the second tubular 

member that overlaps with the first tubular member 
plastically deforming and radially expanding the remaining portion of the second 

tubular member. 



114. The method of claim 113, further comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 

1 1 5. The method of claim 114, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

1 16. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for positioning the second tubular member inside the first tubular 

member in an overlapping relationship; 
means for plastically deforming and radially expanding the end of the second 

tubular member that overlaps with the first tubular member; 
means for plastically deforming and radially expanding the remaining portion of 

the second tubular member. 

117. The apparatus of claim 116, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member. 



1 18. The apparatus of claim 117, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

119. An apparatus for forming a wellbore casing within a weilbore, comprising: 

means for supporting a tubular member within the wellbore; 
means for plastically deforming and radially expanding a first end of the tubular 
member, and 

81 



means for plastically deforming and radially expanding a second end of the 
tubular member. 

120. The apparatus of claim 119, further comprising: 

5 means for anchoring the tubular member during the radial expansion. 

121. The apparatus of claim 1 1 9, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the tubular member and the wellbore. 

10 

122. An apparatus for forming a wellbore casing within a wellbore, comprising: 

a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage 

fluidicly.coupled to the first passage and an outer conical surface; 
15 an annular expansion cohe launcher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher, 

a shoe coupled to another end of the annular expansion cone launcher having a 
20 valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support 
member; 

wherein the annular expansion cones are positioned in opposite orientations. 

25 123. The apparatus of claim 122, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 
expand a second end of the expandable tubular member, 

30 124. The apparatus of claim 122, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

125. A method of forming a wellbore casing within a wellbore, comprising: 
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plastically deforming and radially expanding a first end of the tubular member, 
and 

plastically deforming and radially expanding a second end of the tubular 
member. 

1 26. The method of claim 1 25, further comprising: 
anchoring the tubular member during the radial expansion. 

127. The method of claim 125, wherein the first end of the tubular member is 
1 0 plastically deformed and radially expanded before the second end. 

128. The method of claim 125. plastically deforming and radially expanding the 
second end of the tubular member comprises injecting a fluidic material into the tubular 
member. 

15 

129. The method of claim 125, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular member and the wellbore. 

20 130. A method of forming a wellbore casing within a wellbore, comprising: 

plastically deforming and radially expanding a first tubular member within the 
wellbore; 

positioning a second tubular member inside the first tubular member in an 
overlapping relationship; 
25 plastically deforming and radially expanding the end of the second tubular 

member that overlaps with the first tubular member 

ptflstiraHy deformin g and radially expanding t he remaining portion of the second 

tubular member. 

30 131. The method of claim 1 30. further comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 
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132. The method of claim 131, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

1 33. The method of claim 1 30, further comprising: 

injecting a hardenable fluidic seating material into an annulus between the first 
tubular member and the weilbore. 

1 34. The method of claim 1 30, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
second tubular member and the weilbore. 

1 35. An apparatus for forming a weilbore casing within a weilbore, comprising: 

means for plastically deforming and radially expanding a first tubular member 

within the weilbore; 
means for positioning the second tubular member inside the first tubular 

member in an overlapping relationship; 
means for plastically deforming and radially expanding the end of the second 

tubular member that overlaps with the first tubular member, 
means for plastically deforming and radially expanding the remaining portion of 

the second tubular member. 

1 36. The apparatus of claim 1 35, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member. 

137. The apparatus of claim 136, wherein the inside diameters of the first ai)d second 
tubular members are substantially equal after the radial expansions. 

1 38. The apparatus of claim 1 35, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the first tubular member and the weilbore. 
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139. The apparatus of claim 135, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

5 140. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

means for supporting a tubular member in overlapping relation to the opposing 

ends of the wellbore casings; 
means for plastically deforming and radially expanding the tubular member, and 
1 o means for plastically deforming and radially expanding the tubular memberand 

the opposing ends of the wellbore casings. 

141. A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 
1 5 supporting a tubular member in overlapping relation to the opposing ends of the 

wellbore casings; 

plastically deforming and radially expanding the tubular member, and 
plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 
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142. A method of forming a structure having desired strength characteristics. 

comprising: 

providing a first tubular member, and 

plastically deforming and radially expanding additional tubular members onto 
the Interior surface of the first tubular member until the desired strength 
characteristics are achieved. 



143. A method of forming a wellbore casing within a wellbore having desired strength 

characteristics, comprising: 
30 . plastically deforming and radially expanding a first tubular member within the 

wellbore; and 

plastically deforming and radially expanding additional tubular members onto 
the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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144. A method of coupling a first tubular member to a second tubular member, the first 
tubular member having an original outside diameter OD 0 and ah original wall thickness 
to, comprising: 

5 plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 
10 overlapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular member to a 

third outside diameter; and 
plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter, 
15 wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal; and 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

20 

145. A method of forming a mono-diameter wellborn casing, comprising: 

positioning a first tubular member within a wellborn, the first tubular member 
having an original outside diameter OD 0 and an original wall thickness 
to; 

25 plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 
30 overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and - 
plastically deforming and radially expanding the second tubular member to a 

fourth outside diameter. 
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wherein the inside diameters of the first and second tubular members after the 
plastio deformations and radial expansions are substantially equal; and 
wherein the ratio of the original outside diameter OD 0 of the first tubular 

member to the original wall thickness to of the first tubular member is 
5 greater than or equal to 16. 

146. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member having a first 

portion having a first outside diameter and a remaining portion havmg a 
10 second outside diameter, 

wherein the ratio of the original outside diameter ODo of the first tubuiar 

member to the original wall thickness t, of the first tubular member is 
greater than or equal to 16. 

15 147. An apparatus, comprising: 

. apfcsficaUydeforrr^darKJ^^^ 

portion having a first outside diameter and a remaining portion having a 

second outside diameter; and 
a plastically deformed and rad.ally expanded second tubular member coupled 
20 to the first portion of the first tubular member. 

whereintheratiooftheorigiru..o^^ . 
member to the original watl Ihickness «o of the first tubular member ,s 

greater than or equal to 16. 

25 148. The apparatus of claim 147. wherein the inside diameters of the first andsecond 
tubular members are substantially equal. 



148. Awellboracasingformedinawellbore.compnsHig: 

a plastically deformed and radially expanded first tubular member havng . first 
30 portion having a first outside diameter and a remaining portion having a 

second outside diameter, and 
a plasties deformed and radially expanded second tubular member coupled 
to the first portion of the first tubular member. 
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wherein the ratio of the original outside diameter OD 0 of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

1 50. The casing of claim 149. wherein the inside diameters of the first and second 
tubular members are substantially equal 

151. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member, 

wherein the ratio of the original outside diameter OD 0 of the tubular member to 

the original wall thickness to of the tubular member is greater than or 

equal to 16. 
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